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Phenotypical characterisation of mice deficient for the channel activating protease 2/tmprss4
A Keppner, D Andreasen, A Mérillat and E Hummler Department of pharmacology and toxi-
cology, University of Lausanne, Lausanne, Switzerland
Channel activating protease 2 (CAP2/Tmprss4), is a member of the family of membrane-bound ser-
ine proteases, and is highly expressed in skin. CAP2 belongs to the family of serine proteases being
expressed in various organs, with highest expression in digestive tract and skin. We recently iden-
tified membrane-bound serine proteases as upstream activators of the protease-activated receptor
PAR2 being implicated in inflammation, itch and barrier function. To study the effect of CAP2 in
vivo, we generated mutant mice for CAP2/Tmprss4, in which the histidine and aspartate of the cat-
alytic triad have been deleted. These CAP2 knock-out mice (CAP2Δ/Δ mice) do not show an obvi-
ous phenotype, they are viable and fertile, and their pups are born according to the expected
Mendelian distribution. Moreover, body weight and histological analysis showed no particular dif-
ferences between control and knock-out littermates. These mice are now analysed with respect to
their epidermal barrier function and their capacity to induce ENaC-mediated sodium currents in
vivo e.g., in colon. This work is supported by the Swiss National Science Foundation to E. Humm-
ler.
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Phosphorylation of the keratin K10 plays an important role in maintaining the physical prop-
erties of the stratum corneum
N Nakagawa, N Shimizu and S Sakai Innovative Beauty Science Laboratory, Kanebo Cosmetics
Inc., Kanagawa, Japan
Previously we demonstrated that potassium lactate–a natural moisturizing factor (NMF)–increases
the water-holding capacity of the stratum corneum (SC) by increasing interaction between water
molecules and the OH group of serine in SC keratin, suggesting that the modification of serine
residues in SC keratin may influence the physical properties of the SC. In general, some serine
residues in SC keratin are phosphorylated; moreover, acid phosphatase activity in the SC of patients
with atopic dermatitis and psoriasis is higher than that in the SC of healthy patients. However, no
quantitative analysis of the relationship between phosphorylation of the SC keratin and the physi-
cal properties of the SC has been conducted. We therefore investigated whether phosphorylation
of serine residues in SC keratin correlated with the physical properties of the SC. The forearm of 40
healthy male subjects was treated with water for 5 minutes to reduce the effects of NMFs. After 20
minutes, the SC water content and SC stiffness (Δf) were measured using a confocal Raman spec-
trometer and Venustron tactile sensor, respectively. SC protein was extracted from tape-stripped SC,
and the bands of keratin K10 and phosphorylated protein were detected using western blotting
with anti-K10 and anti-phosphoserine antibodies, respectively. The rate of phosphorylation of K10
was represented by the intensity of the phosphoserine band that merged with the K10 band/the
intensity of the K10 band. Our investigation found that the phosphorylation rate of K10 correlated
positively with the water content of the surface SC (4 μm to 12 μm from the surface of the SC), and
not with the inner SC (below 14 μm). The maximum correlation was found between the phospho-
rylation rate of K10 and SC water content at 8 μm from the surface of the SC (r=0.417; p<0.05). The
phosphorylation rate of K10 correlated negatively with SC stiffness (Δf) (r=-0.657; p<0.01). These
results suggest that phosphorylation of the keratin K10 plays an important role in maintaining the
physical properties of the SC.
609
Coal tar induces AhR-dependent skin barrier repair in atopic dermatitis: The search for the
active ingredient(s)
EH van den Bogaard,1,2 J Bergboer,1 I van Vlijmen-Willems,1 S Hato,3 P van der Valk,1
JM Schroder,4 I Joosten,2 P Zeeuwen1 and J Schalkwijk1 1 Dermatology, RUNMC, Nijmegen,
Netherlands, 2 Lab of Med Immunology, RUNMC, Nijmegen, Netherlands, 3 Tumor
Immunology, RUNMC, Nijmegen, Netherlands and 4 Dermatology, Univ Hospital of
Schleswig-Holstein, Kiel, Germany
Topical application of coal tar is one of the oldest therapies for atopic dermatitis (AD), a T helper 2
(Th2)-lymphocyte mediated skin disease associated with loss-of-function mutations in the skin bar-
rier gene, filaggrin (FLG). Despite its longstanding clinical use and efficacy, the molecular mecha-
nism of coal tar therapy was unknown until recently. We have reported that coal tar activates the
arylhydrocarbon receptor (AhR) resulting in induction of epidermal differentiation, and found coal
tar to restore filaggrin expression in FLG-haploinsufficient keratinocytes to wild type levels. Coal tar
interfered with Th2-cytokine signaling via dephosphorylation of STAT6 leading to diminished spon-
giosis, apoptosis and CCL26 expression, all hallmarks of AD (van den Bogaard et al, J. Clin. Invest.
2013, in press). This discovery urged us to seek for the active fractions or ingredients in coal tar,
which would possibly circumvent some of the cosmetic and putative safety problems associated
with coal tar. In addition it would facilitate the development of mechanism-based drugs for AD
patients. Using qPCR and cell-based ELISAs we analyzed known coal tar ingredients and coal tar
fractions for the ability to promote the expression of differentiation-related genes in primary ker-
atinocytes. We identified several polycyclic (hetero)aromatic compounds that induced filaggrin
and hornerin expression, and a mixture of the top 10 compounds present in coal tar induced bar-
rier gene expression at equally high levels as the total coal tar formulation. This induction was sig-
nificantly higher than that by any of the single compounds, indicating additive and/or synergistic
effects of coal tar components. This study is the first step in seeking alternatives for the classical coal
tar therapy and may aid in drug discovery and development for skin diseases with disturbed epi-
dermal differentiation.
610
Modifying cellular membranes mediate cosmetic improvements in the skin
WP Smith Dermac, Wellington, FL
Cell growth and survival is dependent upon a functional membrane. This barrier and interface with
the cell’s environment provides contact and controls information flow with surrounding cells and
tissue. Changes in membrane physiology including fluidity, receptor binding, permeability and lipid
composition occur over time and with environmental stress. We have used synthetic vesicles and
cultured fibroblasts and keratinocytes to examine the effects of cosmetic ingredients on membrane
structure and function. Fluorescence anisotropy measurements were performed using the fluores-
cent probe 1,6-diphenyl-1,3,5-hexatriene to investigate the effects of treatments on keratinocyte and
synthetic vesicle membrane fluidity. Results show that a blend of lipids (mainly di- and triterpenes)
derived from alfalfa chloroplast membranes (ACML) increase the membrane fluidity in a concen-
tration-dependent manner. At 0.1% of total lipid content ACML increased fluidity of synthetic vesi-
cles by 22%. This increased to more than 75% at 2% ACML. Additionally, we measured the bind-
ing of fluorescently tagged EGF to keratinocytes. As cells age, membrane structure becomes
disorganized and the membrane segments into active fluid domains and less active or inactive crys-
talline domains. The crystalline domains have almost no biological function, receptor sites are
inactive, and binding of external proteins is minimized. We observed a dramatic increase in bind-
ing of EGF to synthetic and physiological membranes with the addition of ACML. With a ratio of
approximately 0.1% ACML/ total cellular mass, EGF binding was increased by more than three-fold.
To correlate these observations with in vivo activity, we measured cell turnover rates after treatment
with retinol alone and with ACML. ACML, which by itself is inert, significantly increased retinol’s
ability to increase cell turnover. With 1% ACML, retinol at 0.01% increased turnover rates by 35%.
This is about the same as 0.1% retinol by itself (33% in these studies) at promoting cell turnover.
Collectively, these studies demonstrate that influencing membrane structure can increase the effec-
tiveness of a topical skin care product.
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βKlotho is required for the epidermal differentiation, and its expression is suppressed in human
nonmelanoma skin cancer
K Nakai,1 S Inoue,2 R Haba,3 Y Kushida,3 N Katsuki,3 Y Hosokawa,1 T Moriue,1 K Yoneda,1
H Kosaka4 and Y Kubota1 1 Dermatology, Kagawa University, Kita-gun, Japan, 2 Institute of
Innovative Science and technology, Tokai University, Isehara, Japan, 3 Diagnostic Pathology,
Kagawa University, Kita-gun, Japan and 4 Cardiovascular Physiology, Kagawa University, Kita-
gun, Japan
Mice deficient in the klotho gene (kl/kl mice) display the phenotypes of human aging. However,
the role of Klotho, a klotho gene-encoded protein, in skin is unclear. Using immunohistochemistry
and Western blotting, we found that the expression of βKlotho, a family of Klotho, and epidermal
differentiation-associated factors (keratin 1, keratin 10, filaggrin, and loricrin) was lower in the skin
of kl/kl mice than that of wild type mice. In vitro experiments showed that βKlotho expression was
induced concomitantly with the differentiation of normal human epidermal keratinocytes and an
immortalized human epidermal keratinocyte cell line (HaCaT cells) when they were cultured in an
air-liquid interface. βKlotho knockdown by small interfering ribonucleic acid suppressed the expres-
sion of the above differentiation-associated factors but activated p44/p42 mitogen-activated pro-
tein kinase and Wnt pathways in HaCaT cells, resembling a human epithelial carcinoma cell line
(A431 cells). Immunohistochemical analysis demonstrated that βKlotho was expressed in the nor-
mal human skin epidermis, but the expression of βKlotho was suppressed in human skin squamous
cell carcinoma and basal cell carcinoma. These findings suggest that βKlotho is required for the dif-
ferentiation of epidermal keratinocytes, and βKlotho possibly suppresses epidermal tumorgenesis
in human skin.
612
Low environmental humidity induces synthesis and release of cortisol from skin equivalent
model
K Takei,2 M Denda,1,2 S Denda1,2 and J Kumamoto2 1 Shiseido Research Center, Yokohama,
Japan and 2 Japan Science and Technology Agency,, Tokyo, Japan
We previously demonstrated that dry environmental conditions induce a variety of skin patholo-
gies, such as epidermal proliferation and inflammation. A recent report that cortisol synthesis in epi-
dermis was increased during wound healing led us to hypothesize that environmental dryness might
induce increased cortisol secretion in the epidermis. In the present study, we incubated a skin equiv-
alent model under dry (relative humidity: less than 10%) and humid (relative humidity: approxi-
mately 100%) conditions for 48 hours and evaluated cortisol secretion and mRNA expression of
cortisol-synthesizing enzyme (steroid 11 β-hydroxylase, CYP11B1) and interleukin 1 beta (IL-1β).
Under the dry condition, cortisol secretion and expression of both CYP11B1 and IL-1βmRNAs were
much higher than those under the humid condition. Occlusion with a water-impermeable plastic
membrane partially blocked the increases of cortisol secretion and CYP11B1 and IL-1β mRNA
expression in the dry condition. These results suggested that environmental dryness might induce
increased cortisol secretion in epidermis of diseased skin characterized by epidermal barrier dys-
function.
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External negative electric potential accelerates exocytosis of lamellar bodies in human skin
tissue culture
J Kumamoto,2 M Denda,1,2 M Goto,1,2 S Denda,1,2 M Nakatani,2 Y Takasugi,3 K Tsuchiya,3
Y Shimizu3 and Y Takatsuru4 1 Shiseido Research Center, Yokohama, Japan, 2 CREST, Japan
Science and Technology Agency, Tokyo, Japan, 3 Dai Nippon Printing Co., Ltd., Tokyo, Japan
and 4 Depetment of Integrative Physiology, Gunma University, Graduated School of
Medicine, Maebashi, Japan
Exocytosis of lamellar bodies at the uppermost layer of the epidermis is a crucial process for water-
impermeable skin barrier homeostasis. We previously demonstrated that the surface of healthy skin
had a negative electric potential compared to the dermis and this potential vanished immediately
after barrier disruption. Moreover, application of negative electric potential at the skin surface after
barrier disruption accelerated the exocytosis of lamellar bodies and also the barrier recovery. These
results led us to hypothesize that in healthy skin, the electric potential might drive exocytosis of
lamellar bodies. In the present study, we tested this idea by applying a negative electric potential (-
0.5 V) to human skin tissue for 2 hours and observing the ultrastructure of the uppermost layer. The
secretion of lamellar bodies was accelerated in the potential-applied skin, compared to untreated
skin tissue. Multi-photon observation indicated that intracellular lipid domains were more exten-
sive in the treated skin than in the untreated control. Moreover, the calcium ion gradient was
greater at the uppermost layer of the epidermis of treated skin, compared with the control skin. These
results indicate that electric potential might regulate lamellar body secretion in healthy human
skin.
615
Characterisation of Spink6, a conserved inhibitor of Kallikrein-related peptidases, during bar-
rier injury
J Fischer, Z Wu, T Kantyka, S Maria, O Dmitrieva, Y Koblyakova, K Ahrens, N Graumann,
H Baurecht, K Reiss, J Schröder, E Proksch and U Meyer-Hoffert Department of Dermatology,
University Hospital Schleswig-Holstein, Campus Kiel, Kiel, Germany
The proteolytic regulation of the desquamation process by kallikrein-related peptidases (KLK)s is
crucial for epidermal barrier function and elevated KLK levels have been reported in atopic der-
matitis. KLKs are controlled by specific inhibitors of the serine protease inhibitor of Kazal-type (spink)
family. Recently, SPINK6 was shown to be present in human stratum corneum. In order to investi-
gate its role in epidermal barrier function, we studied mouse Spink6. Sequence alignment revealed
that the Kazal-domain of Spink6 is highly conserved in animals. Recombinant Spink6 efficiently
inhibited mouse KLK5 and human KLK2, KLK4, KLK5 KLK6, KLK7, KLK12, KLK13 and KLK14,
whereas human KLK1 and KLK8 were not inhibited. Spink6 was expressed in mouse epidermis in
the stratum granulosum and stratum corneum, in sebaceous glands and the inner root sheath of
hair follicles. Stimulation with flagellin, TNFα/IFNγ, epidermal growth factor and IL-1β significantly
induced Spink6 mRNA expression, whereas stimulation with all-trans retinoic acid resulted in a
significant downregulation of Spink6 mRNA expression in cultured primary mouse keratinocytes.
Mechanically and metabolically induced skin barrier dysfunction resulted in changes of Spink6
mRNA- and immuno-expression. Our study indicates that Spink6 is a potent inhibitor of KLKs and
involved in skin barrier function.
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A regulation of keratinocyte differentiation and proliferation by transcription factors Runx1
and Runx3
R Uchiyama,1 E Ogawa,1 Y Kiniwa,1 H Uhara,1 WF Wong,2 K Kofu,3 S Ikawa,4 M Satake2 and
R Okuyama1 1 Department of dermatology, shinhsu university, Matsumoto, Japan, 2 Institute
of Development, Aging and Cancer, Tohoku University, Sendai, Japan, 3 National University
Singapore, Singapore, Singapore and 4 Center for Interdisciplinary Research, Tohoku
University, Sendai, Japan
Runt-related transcription factor (Runx) family is implicated in stem cell regulation, tissue devel-
opment, and oncogenesis. Runx1 and Runx3 play important roles in several organs, including blood,
muscle, gastric mucosa, the nervous system, and hair follicles by affecting cell survival, prolifera-
tion, and differentiation. However, it is unknown whether and how Runx1 and Runx3 regulate in
the epidermis. We investigated the functions of Runx1 and Runx3 in the epidermis. First, we over-
expressed Runx1 and Runx3 in primary mouse keratinocyte by using adenovirus vectors. The expres-
sion of keratin1 (K1) and keratin10 (K10) were decreased by Runx overexpression. Next, we decreased
the expression of Runx1 and Runx3 by using sequence-specific siRNAs. The expression of K1 and
K10 were increased by the Runx knockdown. These results suggested that both Runx molecules
inhibit the induction of early differentiation markers in the keratinocytes. We further elucidated how
Runx regulate expression of K1 and K10. Chromatin immunoprecipitation assay showed that Runx1
and Runx3 bound to Runx consensus sequences located in 5’regions of K1 and K10 genome. While
Runx1 and Runx3 bound to the 5’regions in undifferentiated state, they come off in association
with differentiation induced by increasing calcium concentration within the medium. These results
show that Runx negatively regulates transcription of K1 and K10. Further, Runx regulates keratinocyte
growth. Overexpression of Runx1 and Runx3 suppresses keratinocytes proliferation. However, the
knockdown of Runx did not advance proliferation. Thus, our findings show that Runx1 and Runx3
inhibit both differentiation and proliferation in keratinocyte.
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In vivo and in vitro inhibition of the membrane-bound serine protease CAP1/Prss8 by serpins
G Crisante, C Sergi, A Merillat, S Frateschi and E Hummler departement of pharmacology and
toxicology, University of Lausanne, Lausanne, Switzerland
Serine proteases are involved in the regulation of many biological processes like e.g., blood coag-
ulation, wound healing, digestion, immune response and channel activation. This requires a tight
regulation that may be achieved by specific serine protease inhibitors (serpins), and any alteration
of this balance may lead to diseases. Using the in vitro Xenopus oocyte expression system, we
identified a serpin that was able to block CAP1-induced ENaC-mediated sodium currents. To ver-
ify its inhibitory effect in vivo, we generated mice transgenic for this serpin and crossed those with
mice transgenic for CAP1/Prss8 in the skin that exhibit a scaly skin phenotype, an increased epi-
dermal thickness, increased inflammation and an excessive water loss through the skin (Frateschi
et al., Nat Comms 2011). Strikingly, in double CAP1/Prss8/Serpin- transgenic mice, this phenotype
can be prevented strongly suggesting that the effects through CAP1/Prss8 over-expression is effi-
ciently blocked by this inhibitor. In conclusion, we identified an inhibitor of CAP1/Prss8 that may
well be implicated in the regulation of CAP1/Prss8 activity in skin as well as in various organs.
614
Histamine attenuates acetylcholine-mediated sweating by inactivating GSK3β via H1-recep-
tor mediated pathway
S Matsui,1,3 H Murota,1 Y Lingli,1 K Omiya,2 M Ohmi,2 J Kikuta,3 M Ishii3 and I Katayama1 1
Dermatology, Osaka University, Suita-City, Japan, 2 Biomedical Physics and Engineering
Laboratory, Osaka University, Suita-City, Japan and 3 Cellular Dynamics, Immunology Frontier
Research Center, Osaka University, Suita-City, Japan
Background: Sweat has been thought to implicate in exacerbate atopic dermatitis (AD) in diverse
ways. However, the cause of hyporesponsiveness to acetylcholine in AD remains obscure. Objec-
tive: In this study, the impact of histamine to acetylcholine-induced sweating response was evalu-
ated. Methods: Sweating response was measured with counting the number of active sweat gland
by starch-iodin reaction, optical coherence tomography, skin conductance to evaluate the retained
water volume in stratum corneum, and visualizing by two photon excitation microscopy in mice
and quantitative sudomotor axon reflex test (QSART) in human subjects. Furthermore, immunohis-
tochemical analysis to confirm localization of acethylcholine and histamine receptors was per-
formed. Phosphorylation kinase array was employed to determine the intersection between Ach and
histamine. Results: Histamine demonstrably inhibited the acethylcholine-induced sweating in both
murine and human via H1R-mediated signaling. Unexpectedly, H4 receptor antagonist inhibited
both baseline sweating and sudomotor function. H1R expressed on both sweat gland and periph-
eral nerve fibers, while H2R expressed only on nerve fibers in murine hindpaw skin. As For human,
histamine also decreased the QSART measuring results. Phosphorylation of GSK3β in sweat gland
was observed by Ach-treatment,while not by Ach- and histamine-treatment. Two-photon excitation
microscopy revealed the 3 dimensional structure of sweatgland and its motion after sudomotor stim-
ulation. Conclusion: These results might partly explain the mechanisms in hypohidrosis, and pro-
vide the novel coping strategies for xerosis in AD. Furthermore, there is potential therapeutic appli-
cation of these compounds to certain dermatoses related to dyshidrosis.
618
Deregulated signalling through the mTOR pathway may contribute to the development of
psoriatic plaques
A Eiser,1 O Franke,1 B Malisiewicz,1 S Diehl,1 V Lang,1 K Steinhorst,1 W Boehncke2,1 and
C Buerger1 1 Department of Dermatology, Goethe University, Frankfurt, Germany and 2
Service de Dermatologie, Hôpital Universitaire, Geneva, Switzerland
Psoriasis is a chronic inflammatory skin disease that typically presents with sharply demarked, red
scaly plaques that may be painful or itchy. Although biologics directed against cytokines, show prom-
ising results in the therapy of the disease, a comprehensive understanding of signaling mechanisms
contributing to the pathogenesis is still missing. In a previous study we showed that the PI3K/Akt
pathway regulates the equilibrium between proliferation and differentiation under healthy condi-
tions and is deregulated in psoriasis. Downstream of Akt the mTOR (mechanistic target of rapamycin)
cascade is a major integrator of signals from growth factors, nutrients, energy and stress, thus con-
trolling cellular growth, proliferation and differentiation. As psoriasis also shows features of per-
turbed cell growth and differentiation, we asked whether mTOR signalling also plays a role in pso-
riasis. We could show that mTOR and its downstream mediators, the ribosomal protein S6 and 4E-BP
are hyperactivated in lesional psoriatic skin. We could show in vitro, that this activation is induced
by psoriatic cytokines such as TNF-α and IL-1β. As a consequence, PI3-K/Akt activity mainly drives
proliferation, while mTOR only partially mediates proliferative responses. In contrast hyperactiva-
tion of the pathway through overexpression of Akt blocks differentiation, while blockade of the path-
way favours differentiation. Our data suggest that cytokine induced activation of the Akt/mTOR
cascade contributes to the induction and/or maintenance of the psoriatic phenotype through the
induction of proliferation and blockade of proper differentiation, thus pointing towards mTOR as a
potential target for therapeutic intervention in psoriasis. Thus, it seems feasible to further explore
topical formulations of mTOR inhibitors in psoriasis trials, especially as mTOR is efficiently inhib-
ited by rapamycin (sirolimus), which is a pharmacologically well established drug.
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Cholesterol depletion induces similar cell responses in keratinocyte monolayers and recon-
structed human epidermis
E De Vuyst,1 J Deslé,1 C Lambert de Rouvroit,1 S Bessou-Touya,2 H Duplan,2 M Salmon3 and
Y Poumay1 1 Cell and Tissue Laboratory-URPHYM-Narilis, University of Namur, Namur,
Belgium, 2 Department of in vitro pharmacology, Pierre Fabre Dermo-cosmétique, Toulouse,
France and 3 StratiCell, Namur, Belgium
Cholesterol-enriched plasma membrane microdomains, namely “lipid rafts”, have been shown to
play an important role as keratinocytes signalling platforms. They contain integral proteins such as
EGF receptor (EGFR) that contributes to the activation of pathways regulating keratinocytes prolif-
eration, migration and differentiation. The importance of membrane cholesterol in normal epider-
mal keratinocytes cultured as monolayers has been previously studied in our laboratory using methyl-
β-cyclodextrin (MβCD) to extract cholesterol. Cholesterol depletion induced activation of several
signalling molecules such as EGFR, MAPKp38 and ERK, alterations in the expression of differenti-
ation markers (IVL and TGM-1), of growth factors (HB-EGF) and cytokines (IL-8). In the present study,
we investigated whether these changes were applicable to a three dimensional culture model that
mimics more closely the in vivo epidermis, harbouring a cornified barrier made of fully differenti-
ated keratinocytes. Reconstructed human epidermis (RHE) were cultured for 11 days after seeding
human keratinocytes on polycarbonate filter, leading to typical in vivo morphology. RHE were treated
during 1 hour with MβCD (7.5mM) at day 5 of epidermal reconstruction, when the barrier is still
under development. The morphology was transiently altered immediately after the MβCD treatment,
but the RHE were thereafter able to recover, retrieving morphology similar to the control RHE at
day 11 of culture. During the first hours of the recovery period, mRNA and protein expression pro-
files of genes already identified as modified after the treatment of monolayers were also differen-
tially regulated during the recovery period of cholesterol-depleted RHE. Thus, such disrupted RHE
modelize keratinocyte activation in an epidermal context that exhibit characteristics of dermato-
logical pathologies.
620
The molecular organization of the human skin barrier determined
L Norlen Medicine, Karolinska Institutet, Stockholm, Sweden
The skin barrier is fundamental to terrestrial life and its evolution; it upholds homeostasis and pro-
tects against the environment. Skin barrier capacity is controlled by lipids that fill the extracellular
space of the skin’s surface layer - the stratum corneum. Here we report on the determination of the
molecular organization of the skin’s lipid matrix in-situ, in its near-native state, using a novel method-
ological approach combining very-high magnification cryo-electron microscopy of vitreous skin
section (CEMOVIS) defocus-series, molecular modelling and electron microscopy simulation. The
lipids are organized in an arrangement not previously described in a biological system – stacked
bilayers of fully-extended ceramides with cholesterol molecules associated with the ceramide sphin-
goid moiety. This arrangement rationalizes the skin’s low permeability towards both water and towards
hydrophilic and lipophilic substances, as well as the skin barrier’s robustness towards hydration
and dehydration, environmental temperature and pressure changes, stretching, compression, bend-
ing and shearing (Iwai et al, J. Invest. Dermatol. 132:2215–2225).
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Anti-itching and barrier restoring effects of a lipid-replenishing balm on atopic dermatitis
models
S Brédif,1 J Rocheteau,1 C Baudouin,1 F Joly2 and P Msika1 1 INNOVATION, R&D DIRECTION,
LABORATOIRES EXPANSCIENCE, EPERNON, France and 2 SEPHRA, PUTEAUX, France
Dry skin and itch are two important symptoms of atopic dermatitis (AD). In order to provide a spe-
cific answer to atopic skin with severe and frequent flares, a lipid-replenishing balm was developed.
It contains sunflower oleodistillate (SO), a natural PPAR-alpha agonist with anti-inflammatory
activities and ability to induce key epidermal lipids synthesis. The properties of the balm were eval-
uated on skin explants using two different models: one mimicking the Th2 environment of AD and
one mimicking dry skin. To mimic AD inflammatory pattern, normal human skin explants were
treated with a mix of Th2 cytokines; fluorescent immunostaining and real time RT-PCR were per-
formed to evaluate the expression of markers of skin barrier, inflammation and itch. Th2 cytokines
induced a strong alteration of barrier markers and an increase of inflammation and itch markers,
validating that thisTh2 treatment mimics AD features. The balm, topically applied, was able to restore
protein expression of filaggrin and claudin-1 and to decrease KLK5, whereas its placebo without
SO had no effect. In addition, the balm modulated overexpression of KLK5 (-43%, p<0.05), cathep-
sin S (-32%, p<0.05) and neurotrophin 4 (-47%) at the gene level. To mimic dry skin, normal
human skin explants were subjected to barrier disruption by delipidation with a mix ether/acetone.
The expression of barrier and inflammation markers were followed by fluorescent immunostaining
or ELISA in the supernatants. Topical application of the balm allowed to counteract the effect of
delipidation on protein and lipid barrier as shown by Nile red staining and claudin-4 immunos-
taining; and on inflammatory process as shown by the release of RANTES (-33%, p<0.01) and
TARC (-49%, p<0.01). The specific composition of the lipid-replenishing balm with SO unables it
to counteract defects of AD skin at the level of the skin barrier, inflammatory response and itch sig-
naling. Thus this balm could soothe dryness and itching sensations in atopic skin.
622
Molecular biomarkers’ analysis to characterize epidermis of infants
C Baudouin,1 S Brédif,1 N Pedretti,2 C Barrault,2 FX Bernard2 and P Msika1 1 Innovation, R&D
Direction, LABORATOIRES EXPANSCIENCE, EPERNON, France and 2 BIOALTERNATIVES,
GENCAY, France
The functional skin adaptation is a continuous process that takes place in the first year of postnatal
life. The mechanisms of skin acidification, water handling properties and permeability barrier are
intimately related. Stratum corneum (SC) is the active field where postnatal adjustment is accom-
plished. Our recent in vivo datas revealed the composition of the SC in relation to the dynamic func-
tional adaptation during the neonatal period and the early childhood. In order to go deeper into the
epidermis and to investigate biological markers at molecular and cellular levels, we have modelled
the epidermis of infants and children in vitro. Skin samples from infants aged of 1 month ; 3 to 6
months ; 1 to 3 years ; 6 to 8 years, 10 to 12 years and from young adults were collected and used
to isolate keratinocytes. Then cells were cultivated in monolayers or seeded for reconstructing
aged-specific epidermis. In these models, the differential expression of genes was analyzed by «
full transcriptome array », and the expression profile of selected genes was confirmed by quantita-
tive RT-PCR. The clusterization of genes allowed to demonstrate that: 1) genes of epidermal differ-
entiation and development and genes involved in the response to stress or in the defense system
evolved with age with a lesser expression level in the younger infants; 2) inflammation markers
expression was high in samples from youngest infants (few months) and then stabilized to be com-
parable to adult profile; 3) stem cells markers expression (proliferation, adhesion, niche) was the
highest in the samples from younger infants and it quickly decreased with age. This approach allowed
us modelling epidermis of infants and children and to characterize their genomic biomarkers. In
addition the comparative analysis of gene expression profiles suggests that skin barrier and some
defense systems develop and get organized during early childhood and that the stem cells ressource
is at its maximum just after birth and decreases in the first months of life.
623
Avocado perseose, a biomimetic active ingredient for the protection and accompaniment of
infants’ skin
S Leclere-Bienfait, J Rocheteau, S Brédif, C Baudouin, A Saunois and P Msika Innovation, R&D
Direction, Laboratoires Expanscience, Epernon, France
In vivo and in vitro investigations of infants’ skin, focused on the stratum corneum and epidermis,
have provided some evidence concerning its development, organization and its biological signa-
ture: barrier function in maturation, water handling capacity in fluctuation, inflammation signals
and cellular ressource to preserve. In order to accompany the development of infants’ skin, we
have developed an active ingredient from avocado cake, according to optimised, secured and eco-
designed process, in compliance with our sustainable policy. The patented natural ingredient, avo-
cado perseose, is a rare 7-carbon sugars (perseitol and mannoheptulose) concentrate whose molec-
ular structure is in total affinity with the skin. Indeed, among other sugars, only the avocado perseose
presented such range of activity and also a good tolerance. First we have measured the avocado
perseose (AP) potential on water barrier in normal human keratinocytes (NHK) and skin explants
and we have demonstrated that AP is able to stimulate ceramides production, involucrine and
transglutaminase proteins expression and also to induce hyaluronic acid synthesis. Then in models
of LPS or PMA-stressed NHK, AP downregulated the release of inflammatory mediators as IL1, IL8,
IL6, TNFalpha and ICAM1. Finally, in keratinocytes isolated from babies and children skin samples,
we have shown that AP didn’t modulate gene expression profile of stem cells markers whatever the
marker (K15, K19, alpha6 integrin, beta1 integrin…) in normal condition. However, after UV irra-
diation, the skin treatment with AP avoided the UV-induced downregulation of the two main mark-
ers of interfollicular stem cells (basal layer) the alpha6 and beta1 integrin proteins. In conclusion,
avocado perseose acts as a biomimetic ingredient for a perfect tolerance and a targeted efficacy
into epidermis: it reinforces the water skin barrier, fights against inflammatory aggressions and pre-
serves stem cells ressource. So avocado perseose constitutes a good response to the needs of the
infants’ skin.
624
Dlx3 as a cell cycle modulator during keratinocyte differentiation and tumor development
E Palazzo,1 P Valentina,1 G Anna,1 N Radoja,1 M Blumenberg,3 J Kim,1 A Ryscavage,2 C Cataisson2
and M Morasso1 1 Developmental Biology Section Unit, NIH/NIAMS, Bethesda, MD, 2
Laboratory of Cancer Biology and Genetics, NIH/NCI, Bethesda, MD and 3 Department of
Dermatology, New York University, New York, NY
Dlx3 is a homeobox transcription factor expressed in the granular layer of the epidermis. Previously,
we showed that Dlx3 misexpression in the epidermal basal layer reduced cell proliferation and
accelerated differentiation prematurely. Moreover, recent studies demonstrated that epidermal dele-
tion of Dlx3 in mice (K14Cre;Dlx3Kin/flox) led to disruption of barrier formation and is linked to
the development of an inflammatory response. Dlx3 overexpression in cultured human keratinocytes
promotes misregulation of genes involved in cell growth and proliferation, cell death and cell
cycle. These alterations affect the control of chromosomal replication (CDC6-3.9, CDT1-4.3, RPA2-
4.1), mismatch repair (MSH2-5.2, MSH6-6.9), G1/S (CyclinE2-8.8, MYC+13.1) and G2/M DNA
damage (GADD45A+3.0) checkpoint regulation pathways. Through binding of a specific sequence
in the upstream regulatory region of p21 gene, Dlx3 induces p21Waf1expression, potentially mod-
ulating its control of keratinocyte proliferation and differentiation. Dlx3 overexpression also reduces
PCNA levels and promotes K10 expression and cell cycle arrest. Conversely, blocking cells at dif-
ferent cell cycle checkpoints results in increased Dlx3 expression. In K14Cre;Dlx3Kin/flox mice,
topical TPA treatment leads to higher skin hyperplasia and hyperkeratosis compared to untreated
mice, increased alteration of differentiation and proliferation marker and major immune cell infil-
tration. Gene array analysis shows that TPA treated skin develop a carcinoma-related profile
(IL1β+17.2, CXCL1+26.2, CXCR2+5,6, MMP13+13,7, stratifin+2,3). Moreover, comparison of gene
expression in low and high-risk papilloma, squamous cell carcinoma and normal skin shows
decreased Dlx3 expression. Thus, our results reveal a critical role for Dlx3 in the homeostatic bal-
ance between proliferation and differentiation of keratinocytes, making Dlx3 a new player during
carcinogenesis.
S106 Journal of Investigative Dermatology (2013), Volume 133
IID13_Abstracts-5  3/25/13  3:00 PM  Page S106
Epidermal Structure & Barrier Function | ABSTRACTS
625
Divergent abnormalities in lamellar body secretion account for increased infections in har-
lequin ichthyosis and netherton syndrome
A Chan,1 A Nuno,1 E Godoy-Gijon,1 D Crumrine,1 M Hupe,1 P Fleckman2 and P Elias1 1
Dermatology, VA Med Ctr/UCSF, San Francisco, CA and 2 Dermatology, Univ of Washington,
Seattle, WA
Secondary infections frequently complicate the inherited ichthyoses, but the basis for this propen-
sity is unknown. Since two key antimicrobial peptides, LL-37 and human β-defensin 2, normally
are delivered to the stratum corneum (SC) interstices by lamellar body (LB) exocytosis, we hypoth-
esized that known abnormalities in the LB secretory system could account, at least in part, for the
enhanced risk of infections in two autosomal recessive congenital ichthyoses (ARCI); i.e., Harle-
quin ichthyosis (HI) and Netherton syndrome (NS). In HI, failure of glucosylceramides loading into
nascent LB results in a highly defective permeability barrier, while in NS, accelerated LB secretion
appears to compensate in part for an accelerated proteolytic attack on the SC. Using ultrastructural
cytochemistry for the LB protein content marker, acidic lipase, we show that protein loading into
LB and delivery to the SC interstices is markedly reduced in HI. In contrast, enzyme protein load-
ing is enhanced, but enzyme activity rapidly disappears from the SC in NS. These alterations in
acidic lipase delivery, secretion, and fate within the SC were paralleled by changes in immunos-
taining for LL-37, which was reduced within the SC interstices in HI. Though the initial production
and secretion of LL-37 increase, this AMP disappears from the SC in NS. Together, these results show
that reduced delivery of LL-37 in HI, and accelerated degradation of LL-37 in NS, can account for
the increased risk of infections in these two ARCI.
627
Did latitude-dependent differences in prevalence of filaggrin mutations evolve to support
cutaneous vitamin D production?
JP Thyssen1,2 and PM Elias2 1 Dermato-Allergology, Copenhagen Univ Hosp Gentofte,
Hellerup, Denmark and 2 Dermatology, VA Med Ctr/UCSF, San Francisco, CA
The pigmentation of human skin displays a quasi-geographic pattern of lightening, theorized to have
evolved to promote UV-B-dependent cutaneous vitamin D production. Because there are several
inherent problems with this hypothesis, we explored an alternate possibility; i.e., that filaggrin
(FLG) loss-of-function mutations evolved in the far North to support intracutaneous vitamin D3 (VD3)
production. Proteolysis of FLG normally generates large quantities of histidine, which is then enzy-
matically de-iminated to trans-urocanic acid (t-UCA). This carboxylic acid is a major endogenous
UV-B photo-absorber, of particular importance for photoprotection in lightly-pigmented (LS) humans.
It is precisely these Northern-dwelling, LS humans that exhibit the highest prevalence of FLG muta-
tions (≈15%), even in the general population. Conversely, the frequency of FLG mutations steeply
declines in central and southern Europe (≈5%), Asia (≈2%), reaching a still lower incidence in Africans
(<1%). Pertinently, Northern Europeans with atopic dermatitis, with still-higher mutation prevalences
(30-40%), display higher-than-normal circulating VD3 levels. While it has been proposed that FLG
mutations evolved to facilitate transcutaneous vaccination against environmental pathogenic
microbes, if true, the mutation gradient should be reversed, with the greatest prevalence instead
near the ‘infectious soup’ of the tropics. A third explanation; i.e., metabolic conservation, posits that
an evolutionary advantage for diversion of cellular energy away from less urgent needs towards more
urgent requirements, seems less tenable in light of the many other, non-photo-related functions of
FLG. Thus, the high prevalence of FLG mutations in northern Europeans likely evolved to promote
cutaneous vitamin D production.
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p38 signaling and regulation of tight junctions in keratinocytes
L Raiko,1,2 E Siljamäki,1 L Nissinen,1 J Peltonen,1 V Kähäri1,2 and S Peltonen1,2 1 University of
Turku, Turku, Finland and 2 Turku University Hospital, Turku, Finland
Increasing evidence has recognized tight junctions as the lower epidermal inside-out diffusion bar-
rier located in granular cell layers of the epidermis. The main components of epidermal tight junc-
tions are transmembrane proteins occludin and members of claudin family, as well as cytoplasmic
plaque protein zonula occludens protein-1 (ZO-1). There is some evidence that reduction of ZO-1
is linked to increased invasiveness in certain cancer types. However, little is known about the reg-
ulation of tight junction components in epidermis and in cancer cells. p38 pathway is one of the
mitogen-activated protein kinase pathways, which controls cell growth, differentiation, and apop-
tosis. We have investigated the role of p38 signaling pathway in the regulation of selected desmo-
somal, adherens and tight junction components in human primary keratinocytes and squamous
cell carcinoma cells. The results showed that inhibition of p38δ function by chemical inhibitor,
adenovirally delivered dominant negative mutant or siRNA led to markedly decreased expression
of ZO-1 in keratinocytes. The expression of other junctional proteins such as desmoplakin, beta
catenin, occludin, claudins-1 and 4 was not regulated by p38δ. Immunolocalization of ZO-1 revealed
that in p38 inhibited normal keratinocytes and squamous cell carcinoma cells the intercellular junc-
tion areas were depleted from ZO-1 indicating that both expression and transportation of ZO-1 were
affected by p38 inhibition. However, p38 inhibition did not affect the relocalization of desmoplakin,
occludin or claudins in the junction areas. These results show for the first time a role for p38 sig-
naling pathway in regulation of a tight junction component in normal and malignant keratinocytes.
The results also indicate that tight junction components are differentially regulated. Since ZO-1 is
an integral component of functional tight junctions, various pathological processes affecting sig-
naling via p38 may also interfere with epithelial maturation and the formation and function of tight
junctions as a secondary epidermal barrier.
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Filaggrin deficiency and epidermal water permeability barrier: Evidence for a surprisingly
mild disturbance
AM Perusquia-Ortiz,1 V Oji,1 MC Sauerland,2 T Tarinski,1 I Zaraeva,1 N Seller,1 D Metze,1
K Aufenvenne,1 I Hausser3 and H Traupe1 1 Dermatology, University Hospital, Muenster,
Germany, 2 Institute of Biostatistics and Clinical Research, University of Muenster, Muenster,
Germany and 3 Dermatology, University of Heidelberg, Heidelberg, Germany
Ichthyosis vulgaris is caused by loss of function mutations in the profilaggrin (FLG) gene. Filaggrin
has a strategic role in structural and chemical barrier function of epidermis and in hydration of the
skin. We wondered how profound the expected alterations in epidermal water permeability barrier
function would be. Therefore we analyzed a cohort of 15 patients with proven ichthyosis vulgaris
(FLG mutation screening, IV severity score, histology, immunofluorescence and ultrastructure) and
investigated epidermal water barrier function. ten IV patients suffered from complete FLG -/- defi-
ciency and five from incomplete FLG +/- deficiency. The clinical score (IVSS) gave significantly
higher values (7.7) when FLG -/- patients were compared to 5 FLG +/- patients (score 5.0, p =
0.004) or when compared to controls (score for controls 0.3, p = 0.0001). In complete FLG defi-
ciency (FLG -/- subjects) a moderate increase of TEWL from 5.41 to 7.54 g/m2h (p = 0.03) and a
moderate decrease of skin hydration from 29.20 to 20.17 (p = 0.05) were observed. Changes in
skin surface pH were not significant. Likewise the 5 FLG +/- subjects having partial FLG deficiency
did not suffer from significant changes in these variables. We conclude that complete, but not par-
tial FLG deficiency is associated with only moderate changes in TEWL and skin hydration reveal-
ing surprisingly only a mild disturbance of the epidermal water permeability barrier function.
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Topical apigenin improves epidermal permeabiity barrier homeostasis in normal murine skin
by divergent mechanisms
M Hou,1,2 R Sun,1 M Hupe,1 PL Kim,1 K Park,1 D Crumrine,1 T Lin,1 J Santiago,1 TM Mauro,1
PM Elias1 and M Man1,3 1 Dermatology, VA Med Ctr/UCSF, San Francisco, CA, 2 Dermatology,
Nanjing Med Univ, Nanjing, China and 3 Skin Physiology Res, Dalian SKin Disease Hosp,
Liaoning, China
The beneficial effects of certain herbal medicines on cutaneous function are being increasingly
appreciated. Among these agents, the Chrysanthemum extract, apigenin, has been used for skin
care, particularly in China, for millennia. However, the underlying mechanisms by which apigenin
benefits the skin are not known. In the present study, we first determined whether topical apigenin
positively influences permeability barrier homeostasis, and then the basis thereof. Hairless mice
were treated topically with either 0.1% apigenin or vehicle alone twice-daily for 9 days. At the end
of treatments, permeability barrier function was assessed with either an electrolytic water analyzer
or a Tewameter. Our results show that topical apigenin significantly enhanced permeability barrier
homeostasis after tape stripping, though basal permeability barrier function remained unchanged.
Improved barrier function correlated with enhanced filaggrin expression and lamellar body pro-
duction, which was paralleled by elevated mRNA levels for the epidermal ABCA12 transporter.
mRNA levels for several key lipid synthetic enzymes also were up-regulated by apigenin. Finally,
both CAMP and mBD3 immunostaining increased after topical apigenin applications. We con-
clude that topical apigenin improves epidermal permeability barrier function by stimulating epi-
dermal differentiation, and lipid synthesis and secretion, as well as cutaneous antimicrobial pep-
tide production. Apigenin could be useful for the prevention and treatment of skin disorders
characterized by permeability barrier dysfunction, associated with reduced filaggrin levels, and
impaired antimicrobial defenses, such as atopic dermatitis.
630
‘Barrier repair’ ingredients and formulations regulate barrier homeostasis and antimicrobial
peptide expression in parallel
M Man, R Sun and PM Elias Dermatology, VA Med Ctr/UCSF, San Francisco, CA
Prior studies have shown first, that permeability barrier homeostasis and cutaneous antimicrobial
defense are co-regulated and interdependent functions. Second, we demonstrated that expression
of the mouse analogue of the epidermal antimicrobial peptide, cathelicidin (LL-37), and to lesser
extents, human β-defensin and catestatin, decline in parallel with compromised barrier function
with skin aging, during psychological stress, and following erythemogenic doses of UV-B. Here, we
explored the opposite scenario; i.e., whether ingredients or formulations that improve barrier home-
ostasis also enhance epidermal AMP expression, Accordingly, petrolatum (≥2%), urea (≥5%), PPAR
and LXR activators, suberthemogenic UV-B, and a ceramide-dominant, triple-lipid mixture of cho-
lesterol, free fatty acids, and ceramides (Epiceram® emulsion) all accelerated barrier repair in nor-
mal human and/or mouse epidermis. In contrast, several other putative ‘barrier repair’ formulations
either displayed no net benefits, or delayed barrier recovery after acute insults to human skin. For
almost all of those ingredients and formulations that enhanced barrier repair (except petrolatum),
AMP expression was enhanced in parallel. These results show again the close relationship between
permeability barrier function and epidermal antimicrobial defense. Agents that promote barrier func-
tion exert parallel benefits for cutaneous antimicrobial defense.
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Basis for pigmentation-enhanced barrier function
M Man,1 T Lin,1 J Santiago,4 L Zhong,1 A Celli,1 T Roelandt,2 M Hupe,1 J Sundberg,3 K Silva,3
D Crumrine,1 L Hu,1 G Martin-Ezquerra,4 C Trullas,4 M Wei,1 K Feingold,1 T Mauro1 and P Elias1
1 Derm, VAMC/UCSF, SF, CA, 2 Derm, Univ Ziekenhuis, Brussels, Belgium, 3 Derm, Jackson
Lab, Bar Harbor, ME and 4 R&D, ISDIN, Barcelona, Spain
Humans with darkly-pigmented skin (DS) (Fitzpatrick Type IV/V) display superior permeability bar-
rier function vs. lightly-pigmented (Type I/II) human skin (LS), independent of race, and barrier
function is inferior in involved vs. uninvolved vitiligo skin. These results strongly suggest that pig-
mented skin bestows superior barrier function, but do not explain these differences. DS skin’s reduced
pH (≈½ pH unit) could contribute to enhanced function, because reducing the stratum corneum
(SC) pH in LS individuals resets barrier function to DS levels. We evaluated here how pigmentation
enhances epidermal barrier function in Skh1 (hairless albino) mice, which contain residual (non-
melanized) melanocytes, and Skh2/J (hairless pigmented) mice, where melanocytes with abundant
melanin populate the interfollicular epidermis. Barrier homeostasis is enhanced in Skh2 vs. Skh1
mice, which correlates with a more acidic lower SC. Melanin granules persist into the outer epi-
dermis in Skh2 mice, and also are extruded into the extracellular spaces at and above the stratum
granulosum (SG)-SC interface. Archived samples of DS human epidermis also show melanin extru-
sion. Acute barrier disruption and topical basic pH challenges accelerate melanin extrusion, cor-
relating with further pH decline, enhanced activity of two acidic pH-dependent, ceramide-gener-
ating enzymes, β-glucocerebrosidase and acidic sphingomyelinase, and accelerated maturation of
SC extracellular lamellar bilayers. Yet, melanocytes also could enhance barrier function by paracrine
mechanisms, because Skh2 epidermis displays enhanced expression of: a) epidermal differentiation
proteins; b) lipid synthetic proteins; c) lipid transporters; and d) lipid-processing enzymes, changes
that cannot be attributed to reduced acidity alone. Together, these studies demonstrate that supe-
rior barrier function in pigmented epidermis can be attributed to both pH-lowering juxtacrine and
still undefined paracrine mechanisms.
632
The stratum corneum water content and natural moisturization factor composition evolve
with age and depend on body site
E Boireau-Adamezyk,1,2 A Baillet-Guffroy1 and GN Stamatas2 1 Laboratory of analytical chem-
istry, Analytical Chemistry Group (GCAPS-EA4041), Université Paris Sud 11, Châtenay-
Malabry, France and 2 Skin Care R&D, Johnson & Johnson Santé Beauté France, Issy-les-
Moulineaux, France
The objective of this study was to examine if age and chronic environmental exposure affect the
water content and the composition of the Natural Moisturizing Factor (NMF) of the Stratum Corneum
(SC). The study was conducted on 40 French women volunteers without history of skin diseases.
They were divided into 4 groups of 10: 20-30, 30-40, 40-50 and 50+ years of age. Measurements
were done on the cheek and on two skin sites on the arm (one relatively protected and one exposed).
SC water content and NMF composition (alanine, glycine, histidine, arginin+ornine+citrine, pro-
line, serine, lactate, urea, trans Urocanic acid, pyrrolidone carboxylique acid, total NMF, and total
Amino acid) was measured by Raman confocal microspectroscopy. Skin surface hydration was meas-
ured by skin conductance. Water content appears to decrease slightly on the face and the protected
arm site and at a higher rate on the exposed arm site. The individual amino acid concentrations
showed variable behavior with age: some increased, some decreased and some remained con-
stant. This observation indicates potentially different sources and different metabolic processing in
the SC. Interestingly, the sum of decreases is compensated by the sum of increases resulting in con-
stant total amino acid content as well as the total NMF content with age, except for the face where
both showed statistical increase. The composition of NMF on the face was found to be different
compared to the arm sites independently of the age, for example the lactate content decreased on
both arm sites which may contribute to the decrease in water content with age at this sites. In con-
clusion, chronological aging and chronic exposure to environmental factors mildly affect SC hydra-
tion, while they can have variable effects in the concentrations of NMF components. The dynam-
ics of NMF composition may partially explain the age-related changes in SC hydration.
633
In vitro skin permeation method: A metabolomic assessment
AP Azambuja,1 J Menegola1 and AC Zeri2 1 Science and Technology, Ideas and Concepts,
Natura Inovação, Cajamar, Brazil and 2 Brazilian Biosciences National Laboratory, CNPEM,
Campinas, Brazil
The in vitro skin permeation approach is considered a classical test to improve the development of
topically applied pharmaceutics and cosmetics. Besides its wide employment as a predictive approach
for in vivo absorption related to the formulation safety and quality, skin permeation tests are mainly
applied as a barrier test were no biological activity is assessed. Aiming the establishment of a
model to evaluate the metabolic profile and measure skin condition during skin permeation
approaches, we optimized the classical method for in vitro skin absorption. We depicted that, either
under control conditions or after treatment with a cosmetic formulation, skin samples from pig ear
mounted on Franz Diffusion Cells with Dulbecco’s Modified Eagle Medium (DMEM) as receptor
fluid can sustain metabolic activity during the entire protocol as described by the identification of
biomarkers from the respiratory, amino acid, and nucleic acid metabolism. Metabolomics studies
were performed assessing receptor fluid samples from 0, 2, 4, 10 and 24 hours of in vitro perme-
ation employing NMR spectroscopy, at 600MHz, and evaluating the data using Chenomx NMR
Suite for targeted profiling analysis and MetaboAnalyst for principal component analysis. Since NMR
allows the direct evaluation without sample destruction or extensive preparation/extraction steps,
it can be applied as a tool for studying the metabolomics of complex mixtures. In our experiments,
this technology displayed robust sensibility for the identification and quantification of skin metabo-
lites and formulation compounds over time. Therewith, we described that the combination of a
skin permeation test designed for the biological activity maintenance with a robust detection tech-
nique can be a powerful tool for evaluation of compound absorption associated with skin health
and drug metabolism assessment. We also believe that the evolution of similar approaches, employ-
ing human skin samples and combined detection systems, can improve efficacy and safety studies
for cosmetic and pharmaceutical development.
634
Involvement of kallikrein-related peptidase 5 in profilaggrin processing
J Sakabe,1 M Yamamoto,2,3 A Motoyama,2 I Ohta,4 S Hirakawa,1 T Hibino2 and Y Tokura1 1
Dermatology, Hamamatsu University School of Medicine, Hamamatsu, Japan, 2 Shiseido
Innovative Science Research & Development Center, Yokohama, Japan, 3 Dermatology, Tokyo
Medical University, Tokyo, Japan and 4 Research Equipment Center, Hamamatsu University
School of Medicine, Hamamatsu, Japan
Filaggrin, a molecule related to skin barrier, is expressed in the epidermal granular layer as profi-
laggrin. It is assumed that profilaggrin is cleaved by a number of specific enzymes and converted
to functional filaggrin. Perturbation of this processing may lead to skin barrier abnormality. How-
ever, profilaggirn processing enzymes remain unfully identified. We have shown that kallikrein 5
(KLK5) is a profilaggrin cleavage enzyme. By HPLC and LC/MS/MS analysis, only KLK5 was com-
monly found in the fractions that were capable to liberate filaggrin monomer, and KLK5 had the
ability to release filaggrin monomer from the recombinant filaggrin protein consisting of filaggrin
monomer, linker and C-terminal region. Here, we sought to investigate the localization of KLK5 in
relation to profilaggrin and the functional activity of KLK5 in keratinocytes. By proximity ligation
assay, KLK5 and profilaggrin were co-localized within a distance of 40 nm in the granular layer of
human skin. By immunoelectron microscopy, KLK5 and profilaggrin, labelled with 10 nm and 40
nm gold particle-conjugated antibodies, respectively, were co-localized in the vicinity of kerato-
hyalin granules. As a functional assay, the expression of KLK5 in normal human epidermal ker-
atinocytes was downmodulated by lentivirus-mediated shRNA interference, and alterations of pro-
filaggrin processing were assessed by Western blotting. Profilaggrin and filaggrin trimers/dimers
remained at high levels by the KLK5 blockade as compared to the non-treated control. KLK5 is a
serine protease and well known as corneodesmosome protease and PAR-2 ligand. In addition to
these functions, the present study suggests that KLK5 also strongly participates in profilaggrin pro-
cessing.
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A novel culture medium ages keratinocytes without the need for pro-aging stimuli
C Cuddapah,1 C Escher,2 R Bruderer2 and P Girling1 1 CELLnTEC Advanced Cell Systems AG,
Bern, Switzerland and 2 Biognosys AG, Zurich, Switzerland
Traditional methods of in vitro keratinocyte aging depend primarily on either extended in vitro cul-
ture (replicative aging), or exposure to concentrated pro-aging stimuli such as peroxide or methyl-
glyoxal. Such methods can induce selected signs of cellular aging, but are either very time con-
suming, or poorly representative of in vivo aging stimuli. Furthermore, all existing in vitro aging
methods that use standard culture media are confounded by the powerful anti-aging environment
that media provide to enable rapid in vitro proliferation and extended longevity. The new VitroAge
culture medium uses an alternative approach in which keratinocytes are aged by a culture envi-
ronment that lacks anti-aging components, without the addition of artificial pro-aging stimuli. Ker-
atinocytes growing in VitroAge medium were found to retain normal morphology, but demon-
strated reduced growth rate and in vitro longevity (3-4 weeks). Changes in keratinocyte phenotype
after 3 weeks of culture in either standard or VitroAge medium were quantified using multiplexed
MRM proteomics. Over 300 significantly up- or down-regulated proteins were identified (regula-
tion >20%, p-value <0.05), and grouped into functional clusters using the David Bioinformatic data-
base. Keratinocytes aged in VitroAge medium demonstrated clusters of down regulated proteins
associated with protein biosynthesis and metabolism. Other down regulated clusters included
DNA/telomere repair and electron transport. Up regulated functional clusters included proteo-
some/oxidized-protein-turnover, adhesion/basement membrane, and redox/antioxidant. These results
indicate that keratinocytes will undergo a variety of phenotypic changes known to associate with
age when cultured in an aging culture medium that does not rely on pro-aging stimuli. Further-
more, changes in the model can be quantified rapidly using a multiplexed MRM proteomics work-
flow, allowing detailed mechanistic insights into the cellular response to an aging environment,
and into the ways in which active ingredients can ameliorate age-related changes.
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TLR3 activation is important for skin barrier repair following UV exposure
AW Borkowski and RL Gallo Medicine, University of California, San Diego, La Jolla, CA
Recent publications have shown that the release of endogenous non-coding RNA, and subsequent
recognition by TLR3, is important for triggering inflammatory responses in the skin following injury
or UV exposure. We hypothesized that damaged double stranded RNA (dsRNA) produced by UVB
exposure may also activate TLR3 to initiate aspects of keratinocyte function associated with repair
of the epidermal barrier. Extracts from normal human keratinocytes (NHEK) exposed to (15 mJ/cm2
UVB) were added to normal NHEK. These products of UV damaged NHEK induced the expression
of ABCA12 (8.20-fold, P < 0.001), GBA (4.06-fold, P < 0.05), and SMPD1 (3.36-fold, P < 0.01), and
TGM1 (2.96-fold, P <0.05). Furthermore, addition of UVB-treated synthetic non-coding RNA, (U1
RNA) induced a similar response when added to NHEK; ABCA12 (1.93-fold, P < 0.05), GBA (3.07-
fold, P < 0.01), and SMPD1 (2.29-fold, P < 0.01). This gene induction was dependent on TLR3, as
NHEK treated with siRNA to TLR3 failed to respond to U1 RNA. Furthermore, the dependence on
TLR3 for a response to UV damage was physiologically relevant as Tlr3-/- mice exhibited a delay
in skin barrier repair in response to UVB (5 kJ/m2). 4 days after exposure to UVB, Tlr3-/- mice had
significantly higher TEWL levels (TEWL = 64.10 g/hr/m2, P < 0.001; Two-Way ANOVA) compared
to WT mice exposed to UVB (TEWL = 40.96 g/hr/m2). Interestingly, TEWL values after tape strip-
ping was not significantly different between WT and Tlr3-/- mice. Differences between the WT and
Tlr3-/- UV-irradiated skin could also be seen histologically in EM images and in observations that
Tlr3-/- mice display less TUNEL positive cells after UV irradiation. These observations support a
role for innate immune pattern recognition of endogenous RNA as a contributing element in the
control of epidermal repair processes.
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The N terminal S100 domain of Filaggrin 2 activates the skin aspartic acid protease in the
epidermis of human skin, in vitro
M Donovan,1 A Thomas-Collignon,1 J Rain,2 E Formstecher2 and D Bernard1 1 Biology, L’Oréal
R&I, Clichy, France and 2 Hybrigenics, Paris, France
The skin aspartic acid protease (SASPase) is expressed in the stratum granulosum (SG) of normal
human skin where it is believed to be involved in the filaggrin processing. Its expression and acti-
vation are associated with epidermal terminal differentiation. However, little is known about the
regulation of its physiological function and auto-activation. Thus, the aim of this study was to iden-
tify the protein partners of the protease which could be involved in its regulation and function. A
yeast two hybrid screen using SASPase as bait against a human epidermal reconstructed skin library
identified the S100 domain of filaggrin 2 as a strong binding partner of SASPase. The analysis showed
that the N terminal domain of filaggrin 2 (flg2Nter) interacted with a domain in the 28 kDa form of
SASPase but not within the active 14 kDa sequence of the enzyme. The interaction was confirmed
by surface plasmon resonance analysis. Immunohistochemical analysis using specific antibodies to
the 28 kDa SASPase and flg2Nter showed that the two proteins co-localized to SG of human epi-
dermis. An in vitro enzymatic assay using recombinant proteins of 28 kDa SASPase and flg2Nter
and a fluorescently labeled peptide showed that flg2Nter enhanced SASPase activity. Western blot
analysis showed that the activating effect of flg2Nter was linked to auto-activation process of SAS-
Pase itself. Taken together the data show that flg2Nter regulates the activation of SASPase and thus
may be a key upstream regulator of filaggrin processing to Natural Moisturizing Factors (NMFs) in
the epidermis of human skin.
639
Kallikrein 5 up-regulation in epidermal barrier dysfunction and atopic dermatitis pathogen-
esis
Y Zhu,1 J Harper,2,1 R O’Shaughnessy1 and W Di1,2 1 University College London, London, United
Kingdom and 2 Great Ormond Street Hospital, London, United Kingdom
Atopic dermatitis (AD) is a common skin disease caused by both genetic and environmental fac-
tors. Studies have confirmed that epidermal barrier dysfunction is the primary cause of AD. The
pathogenesis of impaired skin barrier in AD is complex. Enhanced kallikreins (KLKs), in particular
KLK5, which can result in the premature degradation of desmoglein 1 (DSG1) and up-regulation of
protease-activated receptor 2 (PAR2), may be one of the most important factors involved in AD
pathogenesis. To understand the relationship of up-regulated KLK5 and the epidermal barrier dys-
function, a keratinocyte cell model over-expressing KLK5 was generated using KLK5/eGFP expres-
sion vector (KLK5 cells). The expressions of downstream molecules of KLK5 were examined in the
cell model using RT-PCR, immunostaining and immunoblotting. The results showed PAR2 mRNA
level remain unchanged in KLK5 cells, but the protein expression of PAR2 was up-regulated. We
further examined the influence of up-regulated KLK5 in skin barrier formation using in vitro 3D
organotypic culture and in vivo human-mouse skin chimeras model. The results showed that in both
organotypic culture and skin graft generated from KLK5 cells, there was an abnormal morphology
including thickened epidermis with enlarged granulosum and widened extracellular space between
adjacent keratinocytes. This morphology is similar to that seen in AD skin. In addition, up-regulated
PAR2 and reduced expressions of DSG1 and FLG were found in cultures or grafts generated from
KLK5 cells. These results suggest that KLK5 up-regulation is involved in AD pathogenesis, and con-
tributes to the development of epidermal barrier dysfunction in AD.
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Mathematical modelling of feedback control mechanisms for age differences in skin hydra-
tion
E Domínguez Hüttinger,1 GN Stamatas2 and RJ Tanaka1 1 Department of Bioengineering,
Imperial College London, London, United Kingdom and 2 SkinCare R&D, Johnson & Johnson
Santé Beauté France, Paris, France
One of the key functions of skin barrier is the control of the permeability to water and the mainte-
nance of a healthy epidermal hydration profile. Homeostasis in the water handling capacities of the
skin is achieved by intricate regulatory mechanisms that involve multiple feedback controls acting
at different spatial and temporal scales. Differences in the skin hydration and permeability between
babies and adults, observed by non-invasive methods such as Raman spectroscopy, suggest that
these regulatory mechanisms continue to be developed and fine tuned during the early stages of
the life. Understanding the underlying mechanisms for these observed age-related differences in
permeability and water handling capacities is essential for the development of appropriate skin care
products and to address clinically relevant questions, including the higher susceptibility of babies
to develop skin allergies. The complexity of the mechanisms, however, makes it difficult to reveal
them only with common experimental techniques. We propose a simple mathematical model incor-
porating the interplay between feedback mechanisms acting at different scales. The model repro-
duces the observed age-dependent differences in the epidermal water handling capacities and sug-
gests that temporal coordination is essential for maintaining skin homeostasis. Our modelling
framework can also be applied to understand the aetiology of disease conditions such as psoriasis
and different xeroses. We expect that our results will motivate further use of mathematical model-
ling approaches in the analysis of complex mechanisms underlying epidermal function.
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A new cosmetic composition enhances the expression of epidermal genes involved in unbal-
anced skin aging functions
K Abed, C Tacheau, J Michelet, M Perez, B A.Bernard, N Cavusoglu, S Cheilian, B Lavaud,
C Deloche and D Bernard L’oreal R&I, Paris, France
With aging, numerous epidermal functions become disrupted causing possible deleterious changes
at the cellular level. In this study, a microarray analysis was carried out to identify changes in gene
expression in the epidermis of RealSkin™ as a model of reconstructed skin (RS), following the
application for 6h and 18h of active components of a recent anti-aging cosmetic product.The gene
expression of 3 treated RS was compared to 3 untreated RS at same time points. One-way ANOVA
was carried out gene by gene and significant differentially expressed genes across the two time
points were identified, using contrasts based on moderated t-statistics. Genes declared non-inform-
ative by the I/NI method were then filtered out. Benjamini-Hochberg correction was applied to the
p-value for controlling the false discovery rate.Biological interpretation was performed using the
Genespring software’s tools.When setting the criteria of fold change >=1.3 and a p-value
adjusted<0.05, 231 genes were identified as associated with various functions involved in skin
homeostasis and aging. Analysis especially focused on genes being up-regulated and strongly involved
in immune defense,oxidative stress,protein biosynthesis and cell proliferation. 14 genes involved
in immune response were slightly up-regulated after 6h of contact with ingredients and no more
stimulated at 18h, suggesting a beneficial controlled stimulation on some epidermal defense com-
ponents. 8 genes, which contribute to proteins biosynthesis were also up-regulated. These included
genes involved in amino acid transporter and biosynthesis and tRNA synthetase family.In conclu-
sion, this transcriptomic analysis confirms the capacity of anti-aging cosmetic ingredients to cor-
rect some disrupted functions in the aging process, confirming the anti-ageing potential of cos-
metic products.Taken together with other proteomic results and clinical evaluations, such
technological approach illustrates the interest of targeting multiple age-induced unbalanced func-
tions.
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High sulfation and chain length are key in heparan regulation of transglutaminase activity in
the stratum corneum of a reconstructed skin model
M Donovan,1 F Jarrousse,1 A Thomas-Collignon,1 J Turnbull2 and D Bernard1 1 L’Oréal R& I,
Clichy, France and 2 Intellihep, Liverpool, United Kingdom
We have shown that heparan sulfate (HS) is present and binds to transglutaminases 1 & 3 in the
stratum corneum (SC). In addition we discovered that a highly sulfated heparan mimetic and a nat-
urally sulfated polysaccharide increased the activity of transglutaminases 1 & 3 as well as the mat-
uration of cornified envelopes in a reconstructed human epidermis. The aim of this study was to
further characterize the structure and chemistry of HS in the SC which is necessary to stimulate the
activity of transglutaminases. Disaccharide analysis of HS purified from SC showed that it had a
highly sulfated and unusual chemistry. In order to better understand the optimal HS chemistry that
is required to stimulate transglutaminases activity in the SC – we examined the effect of a heparan
library of molecules of 15 kDa but with different degrees of sulfation in a simple transglutaminase
biochemical assay. The data showed that the most highly sulfated isoform – persulfated heparan
(eHepP) significantly activated transglutaminase 1 compared to lesser sulfated and non-sulfated iso-
forms. Neither eHepP of shorter chain length (1- 7 kDa) nor sulfated disaccharides or the non sul-
fated glycosaminoglycan hyaluronan stimulated Tgase 1 in the assay. Surface Plasmon resonance
analysis showed that the 15 kDa eHepP has a high affinity both to Tgase 1 and Tgase 3 as com-
pared to the parent heparan molecule. The chemistry of endogenous HS in the SC was found to be
similar to eHepP and thus when taken together the data from this study and our previous work sug-
gests that the activity of transglutaminase and cornified maturation in the SC would be enhanced
by topically applied long chain polysaccharides with high sulfation level such as λ carrageenan to
improve skin barrier function in dry and aged skin.
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The mitochondrial fusion proteins Mfn1 and Mfn2 are involved in keratinization
A Suto, R Abe, N Saito, S Suzuki, Y Fujita, T Nomura, H Nakamura and H Shimizu Dermatology,
Hokkaido University, Sapporo, Japan
Keratinization requires strict regulation of keratinocyte proliferation and cell death. Mitochondria
play critical roles in many cellular processes, including cell death. However, the role of mitochon-
dria in keratinization remains obscure. This study investigates whether mitochondria are associated
with keratinization. Mitochondrial distribution was not observed to differ by position in the epi-
dermis. Electromicroscopic observation showed no difference of mitochondrial morphology between
basal and suprabasal cells. However, the number of mitochondria per cell was significantly higher
in the suprabasal cells than in the basal cells. Mitochondria undergo frequent fission and fusion.
This is regulated by mitochondrial dynamics proteins such as mitochondrial fusion protein Mfn iso-
forms (Mfn1 and Mfn2). We found that the expression patterns of Mfn1 and Mfn2 were quite dif-
ferent: Mfn1 was expressed only in suprabasal cells, whereas Mfn2 was expressed only in basal
cells. The Mfn1 expression level increased after calcium shift, whereas Mfn2 level did not. Fur-
thermore, we focused on the relationship between keratin and Mfn isoforms. It have been reported
that Mfn2 is bound to keratin 5/14. Thus we hypothesized that Mfn1 might be connected with ker-
atin 1/10. Therefore we focused on epidermolytic ichthyosis (EI), which is known to involve muta-
tions of keratin 1 or keratin 10. No difference was found in Mfn1 and Mfn2 distribution between EI
and normal suprabasal cells. Interestingly, Mfn1 was distributed non-uniformly in the EI suprabasal
cells but uniformly in the normal suprabasal cells. There was no difference in Mfn2 intracellular
distribution between EI and normal basal cells. Electromicroscopic observation showed degener-
ated mitochondria in the EI suprabasal cells but not in the basal cells. These results indicate that
Mfn1 and Mfn2 may contribute to keratinization.
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IGF-1 signaling mediates the entry in differentiation of human keratinocytes
C Mainzer,1 N Remoue,2 C Barrichello2 and P Sommer1 1 Institute of Biology and Chemistry of
Proteins FRE3310 - CNRS/Université de Lyon, Lyon, France and 2 Natura Innovation, Paris,
France
With aging, skin homeostasis is disturbed: epidermis gets thinner, skin renewal is slowed down,
cells became senescent or their metabolism is perturbed. Growth and hormonal signals are differ-
ent with age, thus affecting the whole process of epidermal differentiation. It is widely known that
hormone rates are decreasing with time and a link has been established between them and the skin
quality. Among them, the IGF-1 signaling pathway has been highlighted for being a strong regula-
tor of development in a multiple cell types. A number of studies have demonstrated its importance
on skin development. IGF-1R KO mice present notably a fragile, translucent skin with a hypomor-
phic epidermis and a reduced proliferation potential. Most studies are focused on the role of IGF-
1 signaling on proliferation but little is known on its role in keratinocytes differentiation and the
switch from the proliferation state to proliferation arrest and entry in differentiation. We investi-
gated this aspect in a model of epidermis equivalent using human primary keratinocytes. Our results
show a proliferative enhancing role and a strong regulation of epidermis morphology by the IGF-1
signaling. IGF-1R disrupted epidermis equivalents are indeed much thinner than control, with vari-
ation on differentiation marker stainings, implicating a regulation of the differentiation process.
Finally, the main result of our study is that we pointed out the influence of IGF-1 signaling on the
entry in differentiation of human keratinocytes. Taken together these data suggest that IGF-1R could
be a switch signal for keratinocytes.
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Staphylococcus aureus and staphylococcus epidermidis activate different innate immune and
signaling pathways in human skin and epidermal equivalents
T Zhai,1 T Scharschmidt,1 A Celli,1 R Sun,1 P Elias,1 P Sullam2 and T Mauro1 1 Dermatology,
VAMC/UCSF, San Francisco, CA and 2 Medicine, VAMC/UCSF, San Francisco, CA
Skin comes into contact with both pathogenic and commensal bacteria. Keratinocytes respond to
pathogenic bacteria such as S. aureus with both innate immune responses and altered tight junc-
tion (TJ) permeability. We show here that both intact human skin explants and human epidermal
equivalents (HEE) discriminate between the pathogenic bacteria S. aureus and the commensal bac-
teria S. epidermidis. After application of each bacterium to the intact stratum corneum of skin or
HEE for 24 hours, expression of innate immune response components such as human beta defensin
3 and interleukin 1 alpha and beta was enhanced by S. aureus but not by S. epidermidis. Moreover,
TJ protein claudin1 and occludin expression was enhanced by S. aureus but not by S. epidermidis.
Other innate immune responses such as TLR2, and structural or signaling components such as ICAM
or STIM were stimulated by both S. aureus and S. epidermidis. These data suggest that skin is able
to sense and respond differently to pathogenic vs. commensal bacteria.
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Human β-defensin-3 improves the epithelial tight junction (TJ) barrier through activation of
glycogen synthase kinase-3 (GSK-3) and protein kinase C (PKC)
C Kiatsurayanon,1,2 F Niyonsaba,1 R Smithrithee,1,2 T The Nguyen,1,2 T Akiyama,1,2 H Ushio,1
S Ikeda,1,2 K Okumura1 and H Ogawa1 1 Atopy (Allergy) Research Center, Juntendo University
Graduate School of Medicine, Tokyo, Japan and 2 Department of Dermatology, Juntendo
University Graduate School of Medicine, Tokyo, Japan
Human β-defensins (hBDs) are host defense peptides (HDPs) with antimicrobial activities, but have
been also shown to activate keratinocyte proliferation, migration and wound healing. HDPs are up-
regulated in psoriasis and wounds, but contrastingly down-regulated in atopic dermatitis, a disease
where the TJ barrier is impaired. Thus, we hypothesized that hBDs may regulate the skin barrier func-
tions by manipulating TJ protein expression. The aim of this study was to investigate the effects of
hBDs on skin TJ and to examine the possible underlying mechanisms. The mRNA and protein expres-
sion of TJ proteins was analyzed by real-time PCR and Western blotting, respectively. The transep-
ithelial electrical resistance (TER) and paracellular permeability of FITC-dextran across the ker-
atinocyte sheet were evaluated to determine the skin barrier function. Phosphorylation of GSK-3
and PKC were assessed by Western blotting. Among hBD-1~-4 used, only hBD-3 significantly
increased mRNA expression of claudin-1~-5, -9, -11, -14~-17 and -20~-25 in dose- and time-
dependent fashion. However, there was no significant effect on the expression of occludin, cad-
herin and zona occludens-1~-3. hBD-3 also markedly increased the protein expression of claudin-
1, -3, -4, -14 and -23, elevated TER and decreased paracellular flux in hBD-3-stimulated keratinocytes.
Other hBDs did not affect above functions, suggesting a selective contribution of hBD-3 to the main-
tenance of skin TJ barrier. Besides, hBD-3 enhanced the GSK-3 and PKC phosphorylation and hBD-
3-induced improvement of barrier function was abolished by GSK-3 and PKC specific inhibitors.
Taken together, our findings implied that hBD-3 plays a role in improving and maintaining the skin
barrier through activation of GSK-3 and PKC. This contribution of HDPs to the skin barrier function
was previously unknown.
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Activation of Transient Receptor Potential Melastatin 8 (TRPM8) reduces UVB-induced PGE2
production in keratinocytes
N Park, Y Na, J Cho and H Lee Skin Research Institute, Amorepacific R&D Center, Yongin,
Republic of Korea
Recent reports showed that thermo-sensitive receptors mediate skin functions: Heat shock-induced
Matrix metalloproteinase-1 (MMP-1) was decreased by TRPV1 inhibitor treatment. Also, topical
application of TRPM8 modulators affected epidermal permeability barrier homeostasis. The skin
after exposure to UV light, soothing remedies for lowering the temperature of the skin often are per-
formed, but it is still unclear the mechanism of between cool-down of skin and physiological reac-
tions. TRPM8 is a member of TRP families, and activated by cold (below 22 degree of Celcius) and
cooling compounds such as menthol and icilin. In this study, we found a new role of TRPM8 acti-
vation on synthesis of prostaglandin E2 (PGE2), an inflammatory cytokine and dendritogenesis
stimulator of normal human melanocytes. First, TRPM8 gene expression was examined by quanti-
tative real-time PCR in all skin cells, and this gene expression was elevated by 22oC (1.8 fold in
keratinocytes; 1.5 fold in fibroblasts and melanocytes compared to control group) or menthol (3.2
fold in keratinocytes compared to control group) treatment. TRPM8 is a Ca2+ permeable channel,
and we also found that menthol or 22oC induced cytosolic Ca2+ signals in normal human ker-
atinocytes. UVB (20mJ/cm2) significantly induced PGE2 production in normal human keratinocytes,
and menthol, icilin or 22oC alone did not affect PGE2 production in normal condition. Interest-
ingly, pretreatment of TRPM8 agonist menthol, icilin for 3 h or 22oC for 30 min significantly inhib-
ited UVB-induced PGE2 production. Furthermore, the effect of agonists on UVB-induced PGE2 pro-
duction was completely blocked by a TRPM8 antagonist, capsazepine. In conclusion, a specific
activation of TRPM8 inhibits UVB-induced PGE2 production in keratinocytes, and these results indi-
cate that the activation of TRPM8 could reduce inflammatory response in skin.
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Topical cholesterol application ameliorates hapten-evoked cutaneous hypersensitivity by sus-
taining expression of 11βHSD-1 in epidermis
H Murota,1 M Terao,1 S Matsui,1 H Kawai,2 Y Satou,2 K Suda2 and I Katayama1 1 Dermatology,
Osaka University, Suita, Japan and 2 Rohto Pharmaceutical Co., Ltd., Kizugawa, Japan
Background: The stratum corneum contains various lipids such as ceramides, cholesterol, and free
fatty acids, and acts as a biological barrier against pathogens and various sensitizers. An altered
epidermal barrier function might result in the induction of various kinds of dermatoses, including
atopic dermatitis (AD). Aim of this study was to examine the effect of exogenous application of
cholesterol on barrier function and cutaneous inflammation. Methods: Skin barrier-disrupted mice
were treated with topical cholesterol. The effect of topical application of cholesterol application on
2, 4, -dinitrofluorobenzene (DNFB)- or oxazolone-induced hypersensitivity reaction was evaluated
by measuring ear thickness or mRNA expression of inflammatory cytokines and factors of epider-
mal homeostasis. Results: Topical cholesterol produced rapid improvement of increased trans-epi-
dermal water loss after barrier disruption. In safety test of cholesterol ointment, unexpectedly, daily
application of vehicle-included reference ointment developed contact dermatitis, while cholesterol-
included ointment did not. Topical application of cholesterol ameliorates the symptom of DNFB-
or oxazolone-induced contact acute or late phase hypersensitivity. Real-time PCR analysis revealed
cholesterol application sustained the expression of 11β-hydroxysteroid dehydrogenase type 1
(11βHSD-1), which was decreased in inflamed skin. Discussion: Topical cholesterol application
developed quick recovery of skin barrier and ameliorated the hapten-evoked cutaneous hypersen-
sitivity. This favorable effect seemed to be achieved by sustaining the expression of 11βHSD-1, which
produces active cortisol. These results indicated that topical cholesterol might have therapeutic mer-
its of skin manifestations in AD.
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Galectin-7- miRNA-203-p63 signaling is important for keratinocyte proliferation and differ-
entiation
H Chen,1 P Chiang,1 C Lo,1 Y Lo,2 H Chen1 and F Liu1,2 1 Institute of Biomedical Sciences,
Academia Sinica, Taipei, Taiwan and 2 Graduate institute of immunology, College of
Medicine, National Taiwan University, Taipei, Taiwan
Galectin-7 is a family member of β-galactoside-binding proteins enriched in human epidermis.
Previous studies suggested that galectin-7 may participate in the homeostasis of keratinocytes by
regulating their proliferation, apoptosis, and migration during wound healing. However, the detailed
mechanism of how galectin-7 participates in these pivotal events is not well investigated. Here, we
studied how galectin-7 controls the function of keratinocyte. ShRNA-mediated knockdown of galectin-
7 in the keratinocyte cell line HaCaT resulted in down-regulation of keratinocyte terminal differ-
entiation markers. Simultaneously, a hyper-proliferative phenotype was observed in these cells.
MicroRNAs have been shown to play an important role in regulating keratinocyte differentiation
and proliferation during development. Here, we identified three miRNAs, i.e. miR-146a, miR-7, and
miR-203, that are differentially expressed in galectin-7 knockdown HaCaT cells. MicroRNA-203 is
a keratinocyte specific miRNA that has been shown to participate in keratinocyte differentiation dur-
ing development through regulating the p63 level. The expression of miR-203 is positively corre-
lated with galectin-7 levels in human epidermis and HaCaT cell-lines. Here, using shRNA against
galectin-7, JNK and p63, we identified galecitin-7 as an upstream regulator of miR-203, at least in
part through regulating JNK expression. Consistently, overexpression of miR-203 was able to decrease
the p63 level and restore the hyper-proliferative phenotype in galectin-7 knockdown cells. Recip-
rocally, both transient and stable knockdown of miR-203 can reduce the expression of keratin-1 and
promote cell proliferation to the similar extent of galectin-7 knockdown cells. In summary, we
identified a novel mechanism by which galectin-7 regulates keratinocyte proliferation through
miR-203 and p63.
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MALDI-MSI-IMS examination of emollient treated living skin equivalent for lipidomic and
small molecule analysis
C Marshall,1 M Lee,2 R Bojar,3 M Donaldson,4 F Simona5 and M Clench5 1 Department of bio-
sciences, Sheffield Hallam University, Sheffield, United Kingdom, 2 Platform Technology
Support, GlaxoSmithKline, Stevenage, United Kingdom, 3 Evocutis, York, United Kingdom, 4
Stiefel, GlaxoSmithKline, Uxbridge, United Kingdom and 5 Department of Biosciences,
Sheffield Hallam University, Uxbridge, United Kingdom
Atopic dermatitis (AD) also known as eczema, is a chronic relapsing skin condition characterized
by intense itching, dry skin, and inflammation. The majority of patients present with a degree of
skin dryness that reflects a decrease in water content and lipid levels in the skin. There is a strong
association between eczema and with mutations in filaggrin gene. Matrix assisted laser desorption
ionisation – ion mobility separation – mass spectrometry (MALDI-IMS-MSI) is a powerful tool able
to visualise the distribution of complex mixtures of compounds across intact tissue sections. MALDI-
IMS-MSI is potentially a useful tool for the analysis of xenobiotic and endogenous species particu-
larly at the barrier site interface in skin of healthy subjects and AD patients,. MALDI-IMS-MSI was
used to examine emollient cream treated versus untreated living skin equivalents. In this study we
were able to identify lipid species and map their distribution within the skin model at high mass
accuracy across a skin section; and to distinguish isobaric species through their ion mobility drift
time. In addition to mapping lipid distribution, one of the components of the emollient cream, palmi-
toylethanolamide, was used to trace the absorption of the cream into the model. Changes in distri-
bution filaggrin, as well as concentration of components of natural (endogenous) humectants uro-
canic acid (UCA) and pyrrolidone carboxylic acid (PCA) were investigated.
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Loss of phospholipase C δ1 impairs epidermal barrier and induces chronic dermatitis
K Kanemaru, Y Nakamura and K Fukami Laboratory of Genome and Biosignals, School of Life
Sciences, Tokyo University of Pharmacy and Life Sciences, Tokyo, Japan
Phospholipase C (PLC) is a key enzyme in phosphoinositide turnover, an important signal trans-
duction process in cells. PLC activation leads to various cellular responses through mobilization of
intracellular calcium ion and protein kinase C activation. There are 13 PLC isozymes in mammals.
Among them, one of PLC isozymes, PLCδ1 is abundantly expressed in differentiated layers of epi-
dermis, suggesting that PLCδ1 plays important roles in epidermal differentiation. Since defective ter-
minal differentiation of epidermis is one of causes for impairment of skin barrier function, we
investigated whether loss of PLCδ1 affected outside-inside barrier of epidermis. FITC penetration
assay with mice lacking PLCδ1 (PLCδ1 KO mice) revealed that outside-inside barrier was impaired
in PLCδ1 KO epidermis. On the other hands, PLCδ1 KO mice did not show increased transepider-
mal water loss, indicating that inside-outside barrier is not affected. Since cornified envelope is
critical for epidermal permeability barrier function, we next evaluated the size and the number of
cornified envelope. Cornified envelope of PLCδ1 KO skin showed reduced size and increased
number. In addition to abnormalities of cornified envelope, PLCδ1 KO mice had decreased amount
of neutral lipid deposition in epidermis. Since epidermal barrier impairment is a character of der-
matitis including atopic dermatitis, we examined whether PLCδ1 KO skin showed phenotypes sim-
ilar to human atopic dermatitis. PLCδ1 KO skin had increased number of eosinophils and mast
cells in the dermis. We also observed elevation of serum IgE levels in PLCδ1 KO serum. Interest-
ingly, immunohistochemistry revealed that PLCδ1 protein was downregulated in epidermis of patients
with atopic dermatitis. Taken together, our results indicate that loss of PLCδ1 results in abnormal
epidermal barrier and skin inflammation partially similar to human atopic dermatitis.
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Keratinocyte-specific PRSS3 effectively activates KLKs and degrades LEKTI – a hidden mech-
anism of desquamation
M Miyai,1 Y Matsumoto,1 H Yamanishi,1 M Yamamoto,1,2 R Tsuboi2 and T Hibino1 1 Shiseido
Research Center, Yokohama, Japan and 2 Dermatology, Tokyo Medical University, Tokyo,
Japan
It is suggested that kallikrein-related peptidases (KLKs) play critical roles in corneocyte desquama-
tion under regulation of lymphoepitherial Kazal-type inhibitor (LEKTI). However, it is still obscure
how these proteases are activated and whether the KLK-LEKTI interaction is easily broken in such
a weak acidic pH at the skin surface. Recently we reported cloning of a new PRSS3 gene product,
keratinocyte-specific mesotrypsin from the cDNA library. The aim of this study is to elucidate involve-
ment of mesotrypsin in the desquamation process. First we examined effect of mesotrypsin on
proKLK5. Incubation of these proteases resulted in cleavage of a pro-peptide and generation of an
active form of KLK5. These were observed at 10 min incubation and enzyme activities increased in
a time dependent manner. Essentially the same results were obtained for KLK7. Thus mesotrypsin
is capable to activate key desquamation enzymes. We next constructed various recombinant LEKTI
proteins, D2, D2-5, D2-6, D2-7, D5, D6, D6-9, D7, D7-9 and D10-15. In order to detect these
domain constructs, anti-D2 antibody and anti-D12 antibody were newly prepared in addition to
the commercially available anti-D4-D9 antibody. All of these recombinants inhibited KLK5 and
KLK7. However, they did not show any inhibitory effect on mesotrypsin. Interestingly all of LEKTI
constructs were degraded by mesotryposin. When KLK5 was incubated with D5 or D6 in different
pH buffers ranging from pH 3.5 to pH 9.0, KLK5 was active between pH 5.5 to pH 9 and that D5
as well as D6 completely suppressed KLK5 activity in the same pH range. Immunoelectron microscopy
demonstrated that mesotrypsin was localized in the cytoplasm of granular cells and intercellular
spaces of the cornified layer. Collectively our results suggest a hidden mechanism of desquama-
tion, where mesotrypsin contributes to the desquamation process via activation of KLKs and degra-
dation of the intrinsic inhibitor, LEKTI.
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Low-frequency sonophoresis alters the structure of epidermal tight junction protein, claudin-
1 and barrier function: Implications in ultrasound-mediated transdermal drug delivery
S Lee,1 J Baek,2 K Choi3 and S Lee4 1 Department of Dermatology, CHA Bundang Medical
Center Hospital, CHA University, Seongnam, Republic of Korea, 2 DERMAPRO LTD. 919-1,
Bangbae-Dong, Seocho-Gu, Seoul, Republic of Korea, 3 Electron Microscopic Research,
Korea Basic Science Institute, Daejeon, Republic of Korea and 4 Department of Dermatology,
Yonsei University College of Medicine, Seoul, Republic of Korea
Low-frequency sonophoresis (LFS) disrupts the structure of stratum corneum (SC) lipid bilayers to
facilitate transdermal drug delivery (TDD). For systemic TDD, drug molecules should pass though
SC barrier but also penetrate the tight junctions (TJs). We investigated whether LFS affects TJ struc-
ture and barrier function in mice skin. The hairless mice were treated with 5 min of 800mW per
cm2, 25-kHz continuous wave ultrasound and the sequential structural changes of TJ protein claudin-
1 (Cldn-1) were determined by immunofluorescent staining. At 15 and 30 min after LFS, Cldn-1,
which was normally detected as continuous lines around the suprabasal keratinocytes, was dis-
tributed as dots or fragmented strands in confocal images. By 1 to 6 hrs, Cldn-1 expression was grad-
ually recovered. Next, lanthanum penetration assay was performed by injecting LaNO3 intrader-
mally before LFS. In control skin, LaNO3 showed limited penetration at stratum granulosum(SG)2
layer. However, at 30 min after LFS, an upward diffusion of LaNO3 beyond SG2 layer was found,
suggesting a defective inside-out barrier function. By 3 hrs, the LaNO3 passage was again restricted,
indicating the restoration of TJ barrier function. To prevent the epidermal Ca2+ gradient change by
LFS, LFS using transmission gel with 1.4mM Ca2+ was performed. The inhibition of Ca2+ depletion
in the upper epidermis by LFS with Ca2+-containing gel inhibited the LFS-induced morphologic alter-
ation of Cldn-1, suggesting that transient change of Cldn-1 distribution by LFS may be associated
with rapid loss of extracellular Ca2+. In conclusion, transient morphologic alteration of Cldn-1 with
defective barrier function by LFS may be another mechanism of LFS-mediated TDD.
650
Barrier function in different regions of the hair follicle predicts susceptibility to acne and the
route for transcutaneous drug delivery
J Fulton,1 D Crumrine,2 A Nuno,2 P Elias2 and T Mauro2 1 Dermatology, Vivant Skin Care, Key
Biscayne, FL and 2 Dermatology, VAMC/UCSF, San Francisco, CA
Using the ultrastructural low molecular weight, water-soluble lanthanum nitrate, we assessed the
competence of the permeability barrier in different regions of the human hair follicle. The follicu-
lar epithelium displayed a highly-competent, lamellar body-based barrier in the infundibulum,
becoming less competent at the level where sebaceous ducts enter the follicle, and completely
incompetent throughout the lower follicles and hair bulb. In experimentally-induced rabbit come-
dones, and biopsies of grade I (non-inflammatory) acne lesions, barrier function and sebaceous
ducts deteriorated further. Finally, when acne lesions became inflammatory, peri-sebaceous barrier
competence was lost completely. Together, these results suggest that barrier competence is a pre-
dictor of acne susceptibility; and conversely, that strategies that support barrier function could
decrease the propensity to develop inflammatory acne. Finally, the absence of an epithelial barrier
in the depths of the hair follicle supports the development of strategies to exploit this pathway to
enhance percutaneous drug delivery.
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Interleukin-36 cytokines enhance the production of host defense peptides LL-37 and psori-
asin by human keratinocytes through activation of MAPKs and NF-κB
T Akiyama,1,2 T Nguyen,1,2 F Niyonsaba,2 R Smithrithee,1,2 C Kiatsurayanon,1,2 H Ushio,2
K Okumura,2 H Ogawa2 and S Ikeda1,2 1 Dermatology, Juntendo University Graduate School of
Medicine, Tokyo, Japan and 2 Atopy Research Center, Juntendo University Graduate School
of Medicine, Tokyo, Japan
Interleukin (IL)-36 is a common name for the three IL-1 family members IL-36α, IL-36β, and IL-36γ,
formerly known as IL-1F6, IL-1F8, and IL-1F9, respectively. IL-36 has recently been detected in ker-
atinocytes, and is involved in skin diseases such as psoriasis, where host defense peptides (HDPs)
LL-37 and psoriasin are highly expressed. However, the effects of IL-36 on LL-37 and psoriasin pro-
duction by keratinocytes remain unknown. The aim of this study was to investigate the effects of IL-
36s on LL-37 and psoriasin expression and production by human keratinocytes, and to elucidate
the possible underlying mechanisms. The ability of IL-36s to induce mRNA expression and protein
production of LL-37 and psoriasin was determined by real-time PCR and ELISA, respectively. Phos-
phorylation of MAPKs and IκB-α was assessed by Western blotting. MAPK and NF-κB inhibitors
were used to study the mechanism by which IL-36s stimulate keratinocytes. We found that all of
three IL-36s enhanced LL-37 and psoriasin expression and protein production by keratinocytes in
a dose–dependent manner; however, IL-36β and IL-36γ were more active than IL-36α. Moreover,
we compared the potencies of IL-36s and IL-1β that is known to induce HDP expression. IL-1β
enhanced LL-37 and psoriasin production, and the combination of IL-1β and IL-36s further increased
this production. Inaddition, IL-36s elevated phosphorylation of MAPKs ERK, p38 and JNK and IκB-
α. The induction of LL-37 and psoriasin production by IL-36s was under the control of MAPKs and
NF-κB, as evidenced by the inhibitory effects of MAPK and NF- κB specific inhibitors. In conclu-
sion, the finding that IL-36s stimulate the production of LL-37 and psoriasin by keratinocytes pro-
vides novel mechanism by which IL-36s contribute to the pathogenesis of psoriasis and regulation
of skin innate immunity through stimulation of LL-37 and psoriasin.
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Dietary effect of royal jelly supplementation on epidermal levels of hydration, filaggrins, free
amino acids and the related enzyme expression in UV irradiated hairless mice*
J Min,1 Y Lee,1 S Han2 and Y Cho1 1 Kyung Hee University, Yong-In, Republic of Korea and 2
Rural Development Adminstration, Su-Won, Republic of Korea
Ultraviolet (UV) irradiation reduces epidermal hydration, which is paralleled by the reduction of
natural moisturizing factors (NMFs). Of various NMFs, free amino acids (AAs) are major constituents
that are generated by filaggrin degradation. In this study, we examined whether dietary supple-
mentation of royal jelly (RJ) in UV-irradiated mice alters epidermal levels of hydration, filaggrins and
free AAs as well as of peptidylarginine deiminase-3 (PAD3), an enzyme involved in filaggrin degra-
dation processes. Albino hairless mice were fed either a control diet (group UV+: UV irradiated con-
trol) or diets with 1% RJ harvested from different areas in Korea (groups RJ1, RJ2 and RJ3) or imported
from China (group RJ4) for 6 weeks in parallel with UV irradiation. A normal control group (group
UV-) was fed a control diet without UV irradiation for 6 weeks. In group UV+, epidermal levels of
hydration, total filaggrins and PAD3 were reduced; these levels in group RJ1 were increased to the
similar level of group UV-. Furthermore, profilaggrins, two repeat intermediates (2RI), a precursor
with two filaggrin repeats, and filaggrins were increased. Although total AAs were not altered in all
groups, glutamate and serine, major AA of NMF in group RJ1 were higher than in group UV+. Despite
the increased levels of PAD3, epidermal levels of hydration, filaggrins, glutamate and serine in groups
RJ2, RJ3 and RJ4 were similar to those in group UV+. Dietary supplementation of RJ1 improves epi-
dermal hydration with enhancing filaggrin expression and degradation, but not by increased pro-
tein expression of PAD3, along with the increased generation of glutamate and serine. *This work
was supported by a grant from the Next-Generation BioGreen 21 Program (No. PJ0090662012),
Rural Development Administration, Republic of Korea.
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Dietary royal jelly improves epidermal hydration with increased levels of glucosylceramide
and ceramide in intrinsically aged C57BL mice*
S Jeon and Y Cho Kyung Hee University, Yong-In, Republic of Korea
Epidermal hydration is maintained by epidermal lipid barrier, of which ceramide (Cer) is the major
constituent. In this study, the dietary effect of royal jelly (RJ) on epidermal levels of hydration and
Cer species was determined in intrinsically aged C57BL mice. Altered Cer metabolism was further
determined, as measured by epidermal levels of glucosylceramide (GlcCer) and sphingomyelin (SM),
two major precursor lipids in Cer generation, and of Cer metabolizing enzymes. 6 Month old C57BL
mice were fed a control diet (group C) or diets with 1% RJ harvested in area 1 (group RJ1) or 2 (group
RJ2) for 16 weeks. Compared to group C, epidermal levels of hydration, total Cer (including Cer 2-
7) and total GlcCer (including GlcCer A-D) were significantly increased in group RJ1. In addition,
protein expressions of β-glucocerebrosidase (β-GlcCer’ase) and acidic sphingomyelinase (aSMase),
enzymes for GlcCer or SM hydrolysis, were increased and of ceramidase (CDase), the Cer degrada-
tive enzyme, was increased. Epidermal levels of all SM species and serine palmitoyltransferase (SPT)
protein in de novo Cer synthesis, were similar between groups C and RJ1. Despite the increased
levels of SM and SPT, epidermal levels of hydration, Cer2-7, GlcCerA-D, β-GlcCer’ase, aSMase
and CDase in group RJ2 were similar with those in group C. Cer 1 and Cer synthase 3 in de novo
Cer synthesis were not altered among all groups. Dietary RJ1 improves epidermal hydration in par-
allel with increased GlcCer and Cer2-7 by high protein expressions of β-GlcCer’ase and aSMase,
which further maintained with low CDase protein expression. *This work was supported by a grant
from the Next-Generation BioGreen 21 Program (No. PJ0090662012), Rural Development Admin-
istration, Republic of Korea.
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Thymosin-beta4: A major player in skin renewal and anti-aging processes
L Bergeron, E Court, V Busuttil, J Botto and N Domloge Ashland Specialty Ingredient, Vincience,
Global Skin Research Center,, Sophia Antipolis, France
Thymosin-β4 (THβ4), described as a regulator of the intracellular levels of globular/polymerized
actin, is a multi-faceted molecule with different biological functions in the skin. Indeed, THβ4 is
involved in keratinocyte migration, collagen deposition, angiogenesis, downregulation of inflam-
mation after cutaneous injury, and hair growth.To better understand the functions of THβ4 in the
skin, we first investigated the expression and the cellular localization of THβ4 in skin-derived cell
lines. Immuno-fluorescent detection of THβ4 in fibroblasts, representative of dermal skin compart-
ment, and in normal human keratinocytes (NHK), the major epidermal cell type, showed an essen-
tially cytoplasmic expression. According to these findings, we developed a biofunctional, IV12.003,
targeting THβ4. Our experiments demonstrated that selective THβ4 induction by IV12.003 could
partially restore THβ4 expression in human skin biopsies treated with a THβ4 specific siRNA. Although
THβ4 is a small protein (5 kDa), it exerts many properties referenced in the recent years. All these
biological functions in addition to the actin-binding role confer the definition of a moonlighting
protein. Its implication in the wound healing process, because of its action on keratinocyte migra-
tion and collagen deposition by fibroblasts, let us investigate its role in the migration of both NHK
and fibroblasts. The observation of the potential of skin cells to migrate after an injury was mim-
icked by scratch test assays. We observed that THβ4 was expressed at the extremities of finger-like
structures, called filopodias but also in sheet-like protusions named lamellipodias. As many types
of migrating cells display these cell structure involving actin, this observation supported the fact
that THβ4 could play a direct role in cell migration and also in cell orientation.According to these
previous results, the modulation of THβ4 expression could be implicated in skin regeneration process
and in the prevention of the relaxation of the skin during aging.
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Kallikreins 5 and 7 are upregulated in human skin following application of irritants
J Underwood, C Pickard and E Healy Dermatopharmacology, Faculty of Medicine, University
of Southampton, Southampton, United Kingdom
Irritant contact dermatitis is the most prevalent form of occupational dermatoses, however, the mech-
anisms involved in irritant responses of the skin are not well characterised. Serine proteases and
their downstream effectors play a role in some skin diseases with disordered barrier function, such
as Netherton syndrome, therefore we hypothesised that serine proteases may play a role in the effects
of irritants on human skin. 3% croton oil and 5% sodium dodecyl sulphate were applied epicuta-
neously to an ex vivo human skin model to investigate for alterations in serine protease expression
and activity. Immunofluorescence staining and in situ zymography, with image analysis, were
employed to examine for changes in the expression and activity of proteases following 30 minutes
of irritant application. Kallikrein 5 (KLK5) and kallikrein 7 (KLK7) were both upregulated following
irritant treatment (p=0.0001 and p=0.0009 respectively). KLK5 showed a pan-epidermal pattern of
expression with higher levels in the stratum corneum and stratum basale after application of irri-
tants, while KLK7 was expressed at the stratum corneum-stratum granulosum junction and stratum
basale. In situ zymography (Enzchek assay) detected a corresponding increase in protease activity
(p=0.0089), with greater protease activity localised to the stratum corneum (p=0.0137) and stratum
granulosum (p=0.0389), but no significant increase observed in the lower layers of the epidermis.
Immunohistochemical staining for the downstream effector PAR2 demonstrated a relocation of PAR2
intracellularly following irritant application, suggestive of activation and subsequent internalisation
of the receptor. These results indicate that exposure of human skin to irritants increase KLK5 and
KLK7 expression, protease activation and accumulation of PAR2 intracellularly, consistent with a
role for serine proteases in irritant skin responses
659
IL-31 prevents barrier formation but tightens the antimicrobial defense of the skin partially
by upregulating IL-1α expression in human organotypic skin models
K Hänel,2,1 C Cornelissen,2,1 P Amann,1 Y Marquardt,1 K Czaja,1 J Lüscher-Firzlaff,2 B Lüscher2 and
J Baron1 1 Department of Dermatology and Allergology, RWTH Aachen University, Aachen,
Germany and 2 Institute of Biochemistry and Molecular Biology, RWTH Aachen University,
Aachen, Germany
The IL-6 type cytokine IL-31 is suggested to be an important mediator in pruritic skin diseases like
atopic dermatitis (AD). IL-31 levels are enhanced in patients with AD and correlate with the sever-
ity of the disease. Despite these findings, the functional consequences of IL-31 expression in the
pathogenesis of AD are only poorly understood. Recently we demonstrated that IL-31 has the capac-
ity to disturb the differentiation process of keratinocytes by inhibiting the expression of important
structural proteins including filaggrin. In this study we demonstrate that IL-31 treatment provokes
an enhanced transepidermal penetration by allergens and pathogens as well as skin-irritating agents.
We could determine that IL-31 affects the processing of filaggrin and the formation of cor-
neodesmosomes by negatively regulating filaggrin-processing enzymes like CASP14 and KLK7 and
desmosomal adhesion molecules. These defects in keratinocyte differentiation and cornification
lead to an impairment of the skin barrier. Accordingly IL-31 might be involved directly in the pathol-
ogy of AD leading to increased vulnerability to skin irritants and a higher risk for allergic sensitiza-
tion by environmental allergens. Furthermore, IL-31 was found to enhance the expression of com-
ponents of the IL-1 network (most profoundly IL-1α), and of antimicrobial peptides (S100A7, S100A8,
S100A9, HBD-2). By using the IL-1 receptor antagonist Anakinra the increased expression of antimi-
crobial peptides could be inhibited. Thus we conclude that IL-31 may strengthen the antimicrobial
defense of the skin via IL-1α. This is a first hint for the physiological role of IL-31 in healthy human
skin.
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Air-liquid interface epidermal cultures of keratinocytes from elderly adult skin which have
been treated with the rho kinase inhibitor, Y-27632, contain multiple areas of dysplasia
J Underwood,1 M Polak,1 J Chan,2 C Pickard1 and E Healy1 1 Dermatopharmacology, Faculty of
Medicine, University of Southampton, Southampton, United Kingdom and 2 Histopathology,
University of Southampton, Southampton, United Kingdom
In vitro cultures of keratinocytes are a useful tool for investigations of skin biology and disorders
affecting the skin, however, cultured primary keratinocytes from adults have a relatively short pro-
liferative lifespan. It has been reported that the rho kinase inhibitor, Y-27632, immortalises infant
keratinocytes and significantly increases proliferation of adult keratinocytes. In this study, we attempted
to “semi-immortalise” keratinocytes from older adults (> 60 years old) as well as from younger adults
(< 60 years old) using Y-27632. Normal human keratinocytes were extracted from tissue samples
and cultured in the presence or absence of 10 μM Y-27632 until population doubling per day fell
below 0.2, at which time the keratinocytes were deemed to have entered senescence. Y-27632 sig-
nificantly increased the life of adult keratinocytes from patients aged up to 92 years old from 51.09
± 2.21 days to 87.73 ± 19.29 days (p<0.0001). Total population doublings were increased from
13.32 ± 7.00 to 53.38 ± 14.68 (p<0.0001) in Y-27632 treated keratinocytes, but none of the adult
keratinocytes were immortalised in the presence of Y-27632. In comparison with untreated normal
human keratinocytes, qPCR analysis of Y-27632 treated cells demonstrated alterations in genes
involved in cell proliferation and/or apoptosis, including CCND1+2, CDKN2A+B, GTSE1, DDX11,
MKI67 and BCL2. Air-liquid interface culture of late-passage Y-27632 treated adult keratinocytes
on commercially available scaffolds resulted in multiple areas of dysplastic epidermis, similar to
that seen with untreated keratinocytes at early passage from elderly patients. Thus, although Y-27632
can “semi-immortalise” keratinocytes from adults aged > 60 years old, 3D culture of these cells
results in stratified epidermis containing substantial numbers of dysplastic cells.
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Chaperone proteins such as Mitochondrial Heat Shock Proteins (mtHSPs) play a critical role
in the protection of keratinocytes and human skin from stresses
C Plaza, F Labarrade, L Mur, V Busuttil, J Botto and N Domloge Ashland Specialty Ingredient,
Vincience, Global Skin Research Center,, Sophia Antipolis, France
Our body and more specifically the skin are facing day after day damaging stresses such as ultravi-
olet (UV) and infra-red (IR) irradiation, oxidative damage, physico-chemical injuries. To respond to
these various stresses and protect the body, the molecular chaperones called “Heat Shock Proteins”
(HSPs) help to limit protein misfolding. HSPs are ubiquitously expressed through the skin belong to
several families (small HSPs10/27, HSPs47, HSPs60/70 and HSPs90/100). Under physiological con-
ditions, HSPS are involved in the synthesis and the transport of proteins across cellular membranes,
and protein imported in the mitochondria. HSPs limit protein aggregation, due to stress and help
the refolding of denatured proteins. In the present study, we evaluated the effect of IV11.004, a com-
pound designed to specifically modulate the expression of mitochondrial HSPs (mtHSPs), on the
prevention of cellular damage after oxidative stress and irradiation (UV, IR). To do so, we studied
the expression pattern of mtHSP70 (Mortalin), mtHSP60 and its co-factor HSP10, in normal human
keratinocytes and in ex vivo human skin, by immuno-fluorescent detection. When keratinocytes or
ex vivo human skin were treated with IV11.004, we observed a higher content in mitochondrial
HSPs, suggesting a possible positive modulation of their level. We then focused on the protective
role of mtHSPs against stresses and observed that IV11.004-treated keratinocytes produced less ROS
under stress conditions, when compared to untreated cells. We also assessed the ability of IV11.004
to help prevent mtHSPs expression down-regulation in a stressed or in a senescence model. In con-
clusion, the mitochondrial HSPs 70, 60 and its co-factor HSP10, play an important physiological
role in the maintenance of mitochondrial integrity and in preventing both skin mitochondrial and
cellular stress-induced damage, particularly during aging.
663
Bioinformatic analysis of genes and microRNAs potentially involved in keratinocyte differ-
entiation
C Serre, L Bergeron, F Labarrade, V Busuttil, J Botto and N Domloge Ashland Specialty
Ingredient, Vincience, Global Skin Research Center, Sophia Antipolis, France
The human epidermis undergoes a continuous renewal through the proliferation and differentia-
tion of keratinocytes. Some microRNAs are described as being involved in the skin homeostasis
and several biological processes including skin development, stem cell differentiation, signal trans-
duction, metabolism, genomic stability, apoptosis, wound healing, and skin immunity. miR-203 was
identified as specifically expressed in human epidermal keratinocytes and plays a role in the epi-
dermal differentiation process. miR-203 targets TP63, a protein involved in the proliferative poten-
tial of basal keratinocytes; thereby miR-203 controls the switch between the basal progenitor ker-
atinocytes and the suprabasal differentiated cells. In this study, we performed a bioinformatic analysis
of the major markers of keratinocyte differentiation such as TP63, Survivin, Keratins expressed in
the basal layer, and markers of upper layers (Loricrin, Involucrin and Keratins...) in order to obtain
a network to understand and explain relationships existing between these genes. We evidenced that
several microRNAs, other than miR-203, could potentially target genes involved in the keratinocyte
differentiation process. In regard of these data, it would be interesting to further study the microR-
NAs that were highlighted in this analysis as well as their potential targets in order to understand
their role in the tight regulation of the skin differentiation process. In conclusion, our bioinformatic
approach gives us a model network on genes and microRNAs involved in keratinocyte differentia-
tion. The further study of these microRNAs could help better understand the pathways particularly
involved in skin protection during stresses exposure and aging.
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Impact of UVA + UVB full-spectrum compared to UVB mono-wavelength on cells and skin
pigmentation
M Bonnans, A Lemestr, G Bressier, N Garcia and N Domloge Ashland Specialty Ingredient,
Vincience, Global Skin Research Center, Sophia Antipolis, France
Solar UV simulator models are largely used to determine solar protection factor from sun care
product or to study photobiology. However, to evaluate skin response to sunlight irradiation, most
of ex vivo studies are performed using mono-wavelength UVB or UVA lamps. It was previously
reported that UVA and UVB wavelengths result in different levels of modulation, presumably via
different mechanisms.Therefore, the purpose of this study was to compare full-spectrum to mono-
wavelength modes on in vitro pigmentation. To investigate the UVA + UVB full-spectrum impact,
we used a Solar UV Simulator Model 601 coupled with a Xenon Lamp XPS400. This lamp is rec-
ognized to deliver a similar light spectrum as solar radiation, from 280 to 370nm, in contrast to
312nm mono-wavelength UVB lamp. In the present work, we studied both lamp irradiations on ker-
atinocytes and melanocytes co-cultured and then on human skin biopsies. Firstly, MTT cytotoxic-
ity test on fibroblasts and ex vivo human skin allowed the choice of doses of UVA + UVB full-spec-
trum and UVB mono-wavelength inducing similar moderate mortality. Then, pigmentation was
evaluated using Fontana-Masson and Melanoma Associated Antigen (Pmel17) stainings. The first
one directly highlights the melanin brown-black pigment. The second one is a melanocyte-specific
protein that is subcellularly located in melanosomes containing melanin. In vitro and ex vivo
results demonstrated an enhancement in melanin expression in both conditions of irradiation, with
a higher level after mono-wavelength UVB irradiation compared to full-spectrum one. These results
were consistent with our previous study which used a comparable UV exposure protocol and revealed
that the highest DNA damage was also obtained after UVB exposure. Finally, we determined that
the UVB mono-wavelength irradiation has more impact than full-spectrum on human cells and
skin pigmentation, and we confirmed that the UVB consequences could be decreased by a com-
bination with UVA radiation
664
Role of p150Glued subunit of dynactin in the structure and maintenance of keratinocyte
microparasol
A Lebleu,1 E Court,1 G Menon,2 F Labarrade,1 V Busuttil,1 J Botto1 and N Domloge1 1 Ashland
Specialty Ingredient, Vincience, Global Skin Research Center, Sophia Antipolis, France and 2
Ashland Specialty Ingredient, Vincience, Global Skin Research Center, Wayne, NJ
Transfer of melanosomes from melanocytes to keratinocytes, and organization of melanosomes to
form the supra-nuclear melanin cap of basal keratinocytes are both dependant on movement of
these organelles along microtubules and involve the molecular motor proteins kinesin and dynein.
In keratinocytes dynactin p150Glued subunit, considered as a “dynein anchor”, is a key compo-
nent for cytoplasmic dynein-mediated melanosome transport along microtubules network. Indeed,
one domain of dynactin binds to dynein whereas the other domain binds directly to microtubules.
Dynactin p150Glued plays a role in the capture, centripetal transport, in the establishment and
maintenance of melanosome-containing phagolysosomes to the perinuclear area of keratinocytes,
where they are organized into a “Microparasol”, protecting the DNA from UV radiation. In the
present work, we evaluated the involvement of dynactin p150Glued in the microparasol organiza-
tion and the consequence of its disorganization, using a dynactin p150 Glued-specific siRNA in
order to down-regulate dynactin p150 Glued level in cultured keratinocytes, impairing the micropara-
sol organization. We developped a biofunctionnal (IV12.002) for its ability to target and modulate
dynactin p150 Glued. Using transmission Electron Microscopy, we observed IV12.002 capacity to
promote and maintain melanin caps organization, and with immunofluorescence approaches, eval-
uated its protective activity against DNA damage. In conclusion, this study highlighted the role of
dynactin p150Glued in the structuration and maintenance of keratinocyte microparasol. The integrity
of dynactin p150Glued is essential to protect the nucleus of keratinocytes, particularly in the basal
layer of the epidermis where keratinocytes precursors are located and consequently is an important
protective mechanism essential to preserve human skin renewal potential.
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How blue LED wavelengths can be effective on acne disorders?
R Chabert,1 L Fouque-Parachini,2 S Pinacolo,1 L Restellini,,1 N Garcia1 and N Domloge1 1 shland
Specialty Ingredient, Vincience, Global Skin Research Center,, Sophia Antipolis, France and 2
Centre de Dermatologie, Nice, France
Acne vulgaris is the most common skin disorder. A lot of alternative treatments emerged over the
last decade; among these, the use of blue light emitting diodes (LED) was significantly and clini-
cally proven to reduce mild to moderate acne. Acne vulgaris is characterized by multifactors as
keratinocyte over-proliferation, sebum excess, P. acnes colonization and pro-inflammatory cytokine
stimulation. The purpose of this study was to investigate, in vitro, some possible mechanisms of
action implicated in blue wavelengths effectiveness on acne vulgaris. Cells and ex vivo skin biop-
sies were exposed twice a week, with 12 J/cm2 and 20 J/cm2 (respectively) of combined 415 nm
and 465 nm blue wavelengths. In a preliminary work, we ensured that blue wavelenghts emitted
by TRIWING device were safe on keratinocytes, inducing no modification in cell viability and
mitochondrial reactive oxygen species (ROS) production. Subsequently, in the present experiment,
we showed that these LED stimulated the natural production of LL37 human cathelicidin C-termi-
nal fragment, which belongs to the antimicrobial peptides (AMPs) family, well-known for their direct
anti-microbial activity. Taking this into account, the stimulation of the LL37 cathelicidin could be
one of the pathways limiting P. acnes development in acne disorders. In another approach, we sim-
ulated a pro-inflammatory event, inducing interleukin-8 (Il-8) production by the keratinocytes expo-
sition to lipopolysaccharide (LPS). We noticed that on inflamed keratinocytes, repeated LED treat-
ments led to a significant reduction of Il-8 production. Finally, in acne disorder, post inflammatory
hyperpigmentation may also appear. In this way, we performed Fontana-Masson melanin staining
on ex vivo skin biopsies. Obtained results showed that poorly and highly pigmented zones had been
homogenized after blue LED exposures, indicating that the treatment could reduce post inflamma-
tory hyperpigmentation disorders.
666
WITHDRAWN
www.jidonline.org   S113
IID13_Abstracts-5  3/25/13  3:00 PM  Page S113
ABSTRACTS | Epidermal Structure & Barrier Function
667
Air exposure hastens barrier maturation in human epidermal equivalents
R Sun,1 A Celli,1 T Zhai,1 S Pennypacker,1 T Scharschmidt,1 P Elias,1 S Hoath,2 K Feingold1 and
T Mauro1 1 Dermatology, VA Med Ctr/UCSF, San Francisco, CA and 2 Cincinnati Children’s
Hospital, Cincinnati, OH
The epidermal barrier effectively prevents water loss and entry of foreign organisms or toxins under
most circumstances. However, immature skin barrier in premature infants leads to increased transepi-
dermal water loss (TEWL) and sepsis from bacteria and fungi. Air exposure or exposure to low incu-
bator humidity has been shown to enhance epidermal barrier formation in both fetal rat epidermal
development models and clinical care of premature infants. We previously have demonstrated that
barrier development in Human Epidermal Equivalents (HEE) parallels that of fetal rat skin, and that
both lipid and tight junction expression underlies development of a normal epidermal barrier. In
this report, we use the HEE model to show that exposure to low humidity accelerates barrier mat-
uration in HEE. Stratum corneum acidification develops in response to low humidity, leading to nor-
mal lipid processing, increased transepidermal resistance, and TEWL comparable to that seen in
normal adult epidermis. Normal barrier development, due to alterations in lipid and tight junction
synthesis, then enables establishment of an epidermal calcium gradient similar to that seen in nor-
mal skin, which, in turn, controls epidermal differentiation and lamellar body secretion. These exper-
iments may explain how air exposure hastens establishment of a competent permeability barrier in
premature infants.
668
Clarifying the role of autophagy in the skin by using skin grafts from wild-type and ATG7-defi-
cient mice
N Yoshihara,1 A Takagi,1 T Ueno2 and S Ikeda1 1 Department of Dermatology and Allergology,
Juntendo University Graduate School of Medicine, Tokyo, Japan and 2 Department of
Biochemistry, Juntendo University Graduate School of Medicine, Tokyo, Japan
Autophagy is the major intracellular degradation system by which cytoplasmic materials are deliv-
ered to and degraded in the lysosome. However, the purpose of autophagy is not only elimination
of materials, but also serves as a dynamic recycling system that produces new materials and energy
for cellular renovation and/or homeostasis. Many reports regarding autophagy were published in
recent years, and its interest has markedly increased. However little is known about the functions
of autophagy in the skin, because autophagy-deficient mice die within 24 hours after their birth,
resulting in limited use of their skin for further studies. Accordingly, we transplanted the skin from
Atg7-deficient mice to SCID mice, and compared those with that of wild-typed mice. With this
method, we were able to observe the grafted skin for 28 days after transplantation. As results, there
was no distinct difference between these two kinds of skin in macroscopic morphology. However,
the skin graft from Atg7-deficient mouse shows epidermal acanthosis and hyperkeratosis in light-
microscopic examinations. The electron microscopic views indicated that the number and size of
keratohyalin granules were decreased in the transplanted Atg7-deficient mouse epidermis. Further,
we are now immune-staining the keratinization-related molecules on these transplanted skin sam-
ples. Taken together, these findings suggested that autophagy system may be, at least in part, involved
in epidermal keratinization.
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Anti-psoriatic effects of 1,25-dihydoxyvitamin D3 in combination with betamethasone on
human keratinocytes
H Uratsuji, K Hashimoto and R Ishii Research Laboratories, Kyoto R&D Center, Maruho Co.,
Ltd., Kyoto, Japan
Activated vitamin D3 analogues and corticosteroids have been widely used for topical treatment of
psoriasis. A combination therapy of the two drugs is more useful than monotherapy because of an
earlier therapeutic effect and a decrease in the adverse effects of either drug. However, there have
been few non-clinical reports on combined effect of activated vitamin D3 analogues and corticos-
teroids. We investigated the anti-psoriatic effects of 1,25-dihydoxyvitamin D3 (VD3) in the presence
of betamethasone (Bet) on human epidermal keratinocytes (KC) in vitro. VD3 (10
-9 to 10-5 M) decreased
the uptake of bromodeoxyuridine (BrdU) into KC in a concentration-dependent manner, indicating
the inhibition of KC proliferation. In contrast, Bet (10-9 to 10-5 M) barely affected the uptake of BrdU
into KC. The inhibition of KC proliferation by VD3 was unchanged in the presence of Bet (10
-5 M).
The concentration required to induce 50% inhibition of the uptake of BrdU into KC (IC50) with the
95% confidence interval in parentheses was 5.1 × 10-8 M (4.3 to 6.0 × 10-8 M) for VD3 alone, and
6.2 × 10-8 M (4.2 to 9.2 × 10-8 M) for VD3 in the presence of Bet. The expression of involucrin mRNA,
an index of the induction of epidermal differentiation, was significantly enhanced by VD3 at the
concentration of 10-6 M, whereas it was not enhanced by Bet (10-9 to 10-5 M). The enhancement of
expression of involucrin mRNA was observed in the presence of Bet (10-5 M). The level of inter-
leukin 6 (IL-6), an inflammatory cytokine induced by stimulation with interferon γ, was signifi-
cantly lowered by VD3 (10
-6 M) and Bet (10-7 M). Further significant decrease in the IL-6 level was
induced with the combination of VD3 and Bet when compared to VD3 or Bet alone. In conclusion,
our study demonstrated no interference of Bet in the anti-psoriatic effects of VD3 in KC, supporting
the usefulness of combination therapy involving activated VD3 analogues and corticosteroids via
probably different mechanisms of action of each drug.
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Clock gene is one of the important regulators in epidermal homeostasis
T Masutani,1,2 K Ito,1 T Hamada,1 Y Tsuda,1 S Shimba3 and A Iddamalgoda1 1 ICHIMARU PHAR-
COS Co., Ltd., Motosu, Japan, 2 United Graduate Sch. of Drug Discovery and Medical
Information Sci., Gifu University, Gifu, Japan and 3 Dept. of Health Sci., Sch. of Pharmacy,
Nihon University, Chiba, Japan
Several physiological functions in the skins, such as the skin surface pH, temperature, capacitance,
sebum production and barrier recover, show diurnal variation. These circadian changese are though
to be controlled by clock genes. However, the function of clock genes in the skin have not been
completely clarified yet. In previous study, we showed that clock genes expression was suppressed
in the UV-irradiated skin. Then, in this study, to investigate the effect of aging on skin clock, the
expression of clock genes in old mice was analyzed. Rhythmic expression of Bmal1 showed sig-
nificant change in the old mice skin, compared with that in young mice. Expression of other clock
genes (Per, Clock, Cry, Dbp etc.) are currently under investigation. These data indicated that aging
influences circadian rhythm of clock genes expression in the skin as well as those in other periph-
eral tissues. Next, to clarify the functions of clock genes in the skin, we analyzed skin capacitance
(SC), skin surface pH (pH) in Bmal1 knockout (KO) mice. Epidermal repair ability was also evalu-
ated by transepidermal water loss measurements following tape stripping induced-barrier disrup-
tion. As a result, the increase in pH, decrease in SC and immature stratum corneum were observed
in KO mice. Epidermal barrier recovery was also delayed in KO mice, compared with those of
wild-type mice. Although further investigation needs to be conducted, our findings indicate that
the skin clock might play an important role in the regulation of epidermal homeostasis.
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Decreased adhesion of keratinocytes via E-cadherin downmodulation is a platform for leuko-
cytes mobility in the epidermis
G Egawa, Y Miyachi and K Kabashima Dermatology, Kyoto University, Kyoto, Japan
The epidermal keratinocytes are tightly adhered each other with cell-adhesion structures. Therefore,
it remains a question how leukocytes in the epidermis migrate within such a “packed” area. Here,
we examined the intraepidermal motility of Langerhans cells (LCs) and T cells in the context of con-
tact hypersensitivity response by means of two-photon microscopy. First, we established in-vivo
labeling technique for intercellular gaps between keratinocytes and revealed that the LCs were
crammed into the gaps and represented static motility in the steady state. Intriguingly, the LCs mobil-
ity was not changed by the first application of DNFB (sensitization phase) and no αβ T cells were
infiltrated into the epidermis in this phase. In contrast, 24 hours after the second application of DNFB
(elicitation phase), LCs represented two distinct migration patterns; one was an anchored popula-
tion which still elongated long dendrites upwards. The other was a high-mobility population which
actively migrated in the epidermis in accordance with expanding the keratinocytes gaps up to 5 μm.
Simultaneously, CD8+ αβ T cells entered into the epidermis and some of them stopped migration
in the vicinity of high-mobility LCs for more than 1 hour and then proliferated in the epidermis.
Moreover, qPCR and immunohistochemical analysis revealed that E-cadherin expression on ker-
atinocytes was downmodulated in the elicitation phase but not in the sensitization phase, and the
number of infiltrating T cells into the epidermis was correlated to the down-regulation of epidermal
E-cadherin. Therefore, our study demonstrated that the gaps between keratinocytes are closed in
steady state to retain the leukocytes within the epidermis. In inflammatory conditions, the connec-
tions between keratinocytes become loosen via E-cadherin down-regulation, which may provide a
migratory pathway for epidermis-infiltrating leukocytes. Thus, spongiosis, an intercellular edema of
keratinocytes, should be an essential mechanism for facilitating the intraepidermal leukocyte migra-
tions.
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The role of glutamate signaling in keratinocytes
M Wakabayashi,1 T Yamaguchi,5,6 N Funakushi,3 H Suto,2 R Ueki,4 H Kobayashi,5 H Ogawa1 and
S Ikeda1,2 1 Dermatology and allergology, Juntendo University Graduate School of Medicine,
Tokyo, Japan, 2 Atopy (Allergy) Research Center, Juntendo University Graduate School of
Medicine, Tokyo, Japan, 3 Dermatology Unit, Juntendo University Nerima Hospital, Tokyo,
Japan, 4 Dermatology Unit, Juntendo Tokyo Geriatric Medical Center, Tokyo, Japan, 5 Center
for Advanced Kampo Medicine and Clinical Research, Juntendo University School of
Medicine, Tokyo, Japan and 6 Tsumura Research Laboratories, Tsumura & Co, Ibaraki, Japan
In the central nervous system (CNS), glutamate is known to act as a signal transducers as well as
cell death affecter that has been implicated in the pathogenesis of neurodegenerative diseases. Inter-
estingly, Yokukansan (YKS), a traditional Japanese medicine, has been reported to effect on the glu-
tamate nervous system. On the ether hand, increasing data suggest that glutamate might also act as
a cell-signaling molecule in non-neuronal tissues such as skin. It has been also reported that gluta-
mate is concentrated at high levels in the skin with wounding or inflammation. Furthermore, glu-
tamate might have cytotoxic effect in the skin. Previously we reported that YKS ameliorated scratch-
ing behavior and inhibited the aggravation of atopic dermatitis (AD)-like lesions in NC/Nga mice.
Increased N-methyl-D-aspartate (NMDA) receptor expression in the skin of conventional control
NC/Nga mice was decreased in YKS-treated mice. In this study, we investigated the effect of gluta-
mate in NC/Nga mice skin and cultured human keratinocytes. We found that glutamate levels were
increased in the skin of NC/ Nga mice bred in conventional conditions, and that was decreased by
YKS treatment. In addition, glutamate levels in cultured human keratinocytes increased by treat-
ment with histamine in a dose-dependent manner. These results suggested that increased glutamate
levels in NC/Nga mice skin might act both in neuronal transudation and cellular function of the
keratinocytes. YKS might ameliorate the development of AD-like lesions by suppressing glutamate
and histamine levels.
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A new cosmetic composition attenuates the effects on age-related imbalance of biological
functions of stratum corneum
N Cavusoglu,1 S Bourassa,2 B Nehme,2 K Abed,1 B Bernard,1 S Cheilian,1 B Lavaud,1 C Deloche,1
A Droit2 and D Bernard1 1 L’OREAL R & I, Paris, France and 2 Plateforme proteomique CHUL,
Quebec, QC, Canada
A mass spectrometric, Isobaric tags for relative and absolute quantitation approach (iTRAQ) was
applied to differentially analyze the uppermost surface of the skin, the stratum corneum, obtained
by a non-invasive stripping (D’Squame™). 48 women volunteers daily applied a recent anti-aging
cosmetic product on one forearm for a two month period, the other forearm being considered as
control. Strippings on both forearms from 16 volunteers were pooled, forming two different groups,
i.e. treated and untreated. This step was repeated twice, finally including the 48 volunteers and per-
mitting 3 independent 4-plex iTRAQ experiments. Proteins were submitted to a quadriplex iTRAQ
labeling after tryptic digestion and iso-electrofocused, following which the peptides were eluted
and analyzed by LC-MS/MS on the QSTAR XL mass spectrometer. From these experiments, 110
proteins were quantified with high confidence, among which 33 were over-expressed in treated
forearms, and 15 under-expressed (FC >1.2). All these proteins covered 5 key biological functions,
with 4 functions including a majority of over-expressed proteins and 1 function with mainly under-
expressed proteins. The enhanced functions concern tissue structure, desquamation, anti-oxydant
activities and antimicrobial peptides. Inversely, Metabolism-related proteins globally appeared under-
expressed. Our quantitative in-vivo results highlighted the effect of this anti-aging cosmetic prod-
uct on key proteins associated with cutaneous functions known being altered during aging. In con-
clusion, this proteomic analysis confirmed the capacity of a new anti-aging cosmetic product in
correcting multiple biological functions altered during aging. Taken together with other transcrip-
tomic results and clinical evaluations, this approach demonstrated the power of targeting multiple
skin aging unbalanced functions.
675
Keratinocyte response to environmental challenge: Cross-effects of hypoxia and calcium 
L Weir,1 D Robertson,1 K Vass1 and A Panteleyev1,2 1 University of Dundee, Dundee, United
Kingdom and 2 Kurchatov Institute, Moscow, Russian Federation
The epidermis plays an essential role in protection of the skin and the whole body from environ-
mental stress but how epidermal keratinocytes coordinate and convert environmental stimuli into
adaptive physiological responses such as proliferation, differentiation and desquamation is still not
understood. Here, we explored expressional and physiological responses of mouse and human
keratinocytes to varied O2 and Ca2+ levels. Hypoxia (18h) strongly induced a specific subset of
hypoxia-responsive genes (Egln3, PLGF, Selenbp1) which we designate as “the keratinocyte-specific
hypoxic signature”. In monolayers, extra Ca2+ reduced cell size and matted keratinocytes together
to produce wave-like 3D structure indicative of enhanced differentiation whereas hypoxia reduced
morphological signs of differentiation. Surprisingly, combination with high Ca2+ further increased
negative effects of hypoxia upon differentiation. 3D epidermal equivalents showed structural toler-
ance of acute hypoxia (4-18h) or repeated reoxygenations, while prolonged hypoxia resulted in lysis
of basal cells and decrease of basal (K5) and spinous (K1/10) keratins, whilst late differentiation
markers (Ivl, TGM1) were less affected. Surprisingly, microarray analysis of monolayers revealed no
genes regulated by Ca2+ independently of hypoxia. Some Ca2+ targets were positively regulated
by hypoxia (Cnfn, Klf4, Serpinb8), while others were totally abolished (Scel, Cdkn1a, Anxa1). Hypoxia
also strongly suppressed positive effects of Ca2+ upon two key desquamation genes – Cdsn and
Spink5. At the same time, 1% O2 strongly induced some genes implicated in cornification (Flg, Csta,
Sprr’s) which appeared to be not sensitive to Ca2+. Together, our results revealed a profound effect
of hypoxia on differentiation of keratinocytes and their response to Ca2+. Unexpectedly, while hav-
ing ambivalent or moderate effects upon expression of mid differentiation markers, hypoxia directly
and strongly acts on cornification- and desquamation-controlling machinery to alter the final stages
of keratinocyte differentiation.
677
The stratum corneum comprises three layers with distinct barrier properties to metal ions
A Kubo,1 I Ishizaki,2 A Kubo,3 H Kawasaki,1 K Nagao,1 Y Ohashi2 and M Amagai1 1 Dermatology,
Keio University, Tokyo, Japan, 2 ULVAC-PHI, INC., Chigasaki, Japan and 3 Biochemistry, Keio
University, Tokyo, Japan
The stratum corneum (SC) is the outermost barrier protecting the mammalian body from desicca-
tion and foreign insults. Congenital SC barrier insufficiencies, i.e., filaggrin deficiency, are hypoth-
esized to predispose patients to atopic diseases. Insoluble nature of the SC has hampered in-depth-
analysis of its barrier function by conventional cell biological methods. Here, we applied time-of-flight
secondary-ion-mass-spectrometry (TOF-SIMS) imaging technology to analyze the SC in skin sec-
tions of wildtype and filaggrin knockout mice. TOF-SIMS enabled to visualize the distribution of
natural substances and the infiltration of externally applied molecules directly without any staining
procedure. The distribution of potassium (K) and arginine revealed that the SC consists of three
sharply demarcated layers. K was concentrated in the upper layer, while arginine, a major compo-
nent of the filaggrin-derived natural moisturizing factors, was specifically concentrated in the mid-
dle layer and markedly decreased in the filaggrin knockout SC. When skin was soaked in water, K
of the upper layer was disappeared. When soaked in solutions of K or hexavalent chromium, trace-
able ions in this system, the upper layer allowed their influx, suggesting that this layer acts like a
“sponge” allowing the passive influx and efflux of exogenous ions. The middle layer blocked the
influx of K and hexavalent chromium ions, but failed to block the influx of trivalent chromium ions,
which was blocked at the lower layer. Therefore the middle and lower layers have distinct barrier
properties depending on each metal. Filaggrin deficiency resulted in abrogation of the lower layer
barrier, allowing trivalent chromium to permeate through the SC to viable epidermal layers. These
results obtained by TOF-SIMS analyses unveiled the SC consisting of three layers of distinct func-
tional properties and demonstrated the barrier breakage against particular metal ions in filaggrin
deficient SC.
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IL-33 affects to cell proliferation and differentiation of normal humanl keratinocytes
H Tsuda,1 M Komine,1,2 T Ohshio,1 S Tominaga2 and M Ohtsuki1 1 Department of Dermatology,
Jichi Medical University, Simotsuke, Japan and 2 Department of Biochemistry, Jichi Medical
University, Simotsuke, Japan
Background: IL-33, a member of the IL-1 family, is known to be constitutively expressed in nucleus
of epithelial and endothelial cells. Full length of IL-33 is a 33kDa protein, which is digested into
mature 18kDa form by calcium dependent proteinase, calpain. We already reported that pro-IL-33
and its splice variants were expressed in keratinocytes. In our previous study, we found 7 IL-33 splice
variants including 5 newly determined variants in normal human epidermal keratinocyte (Tsuda et
al., 2012). IL-33 consists of 7 exons, and exon 3 of IL-33 contains histone binding site and nuclear
localization signal and IL-1 like domain located in exon4 to exon 8. Method: We constructed expres-
sion vectors lacking of each exon, transfected them into 293T cells, and observed intracellular local-
ization of each IL-33 variants by fluorescence microscopy. In either case, variants including dele-
tion of exon 3 were located in cytoplasm. We knocked down IL-33 with siRNA, and examined
proliferation and differentiation of keratinocytes with BrdU incorporation, MTT assay, RT-PCR.
Results: Variants without exons 3 were located in the cytoplasm. Variants without other exons of IL-
33 were located in the nucleus. These results suggested that exon 3 of IL-33 was fundamental to
locate itself in the nucleus. When IL-33 was knocked down, cell morphology changed into fibrob-
last-like shape and cell proliferation was down-regulated revealed by BrdU incorporation assay.
However IL-33 knockdown did not influence the results of MTT assay. In IL-33 knocked down
cells, mRNA expression for transglutaminase 1, keratin 1 and keratin 10, the markers for differen-
tiated keratinocytes, were up regulated at very high levels. IL-33 depleted keratinocytes were shifted
to G2/M phase with decreased cell numbers in G1 phase. Conclusion: These results suggested that
IL-33 is not only a cytokine but also a molecule which exerts multiple roles in cell proliferation and
differentiation in the nucleus of keratinocytes.
674
Epidermal HIF-regulating PHD proteins (EGLNs): Response to hypoxia and link to skin pathol-
ogy
L Weir,1 D Robertson,1 K Vass1 and A Panteleyev1,2 1 University of Dundee, Dundee, United
Kingdom and 2 Kurchatov Institute, Moscow, Russian Federation
The HIF (hypoxia-induced factor) pathway is at the heart of many crucial cell responses. Oxygen-
dependent prolyl hydroxylation driven by PHD proteins represents the key mechanism controlling
HIF activity. Although the significance of hypoxia in skin physiology is increasingly appreciated,
nothing is known about the potential role of PHDs in control of epidermal HIF. Here, we assess
expression of different PHDs in human (normal and diseased) and mouse skin and explore their spe-
cific responses to hypoxia in monolayer and 3D epidermal equivalents. At ambient (21%) O2, ker-
atinocytes (monolayer) showed perinuclear cytoplasmic staining for PHD1, PHD2 in nuclear speck-
les, and nuclear and cytoplasmic localisation of PHD3. 1% O2 had no effect on PHD1 localisation,
while PHD2 shifted from nucleus to cytoplasm and PHD3 concentrated in perinuclear space. In
3D cultures and normal human skin, PHD1 was exclusively cytoplasmic (mostly in granular layer),
while PHD2 was strongly nuclear (excluded from granular layer). PHD3 was both cytoplasmic (entire
epidermis) and nuclear (basal and immediate suprabasal layers with absence in granular layer). In
skin cancers (BCC and SCC), staining for PHD1 and PHD2 markedly declined in all epidermal lay-
ers and was totally excluded from BCC outgrowths. In contrast, PHD3 increased in the cytoplasm
of BCC and SCC cells, and disappeared from nuclear organelles. In psoriatic samples, there was a
dramatic decline of nuclear PHD2 while cytoplasmic staining remained in all epidermal layers.
PHD1, unlike in normal skin, did not increase in upper layers however nuclei of cells bordering the
corny layer stained positive. PHD3 staining was significantly enhanced in the cytoplasm of psori-
atic samples. Given the essential role of PHDs in HIF1 turnover, our data suggests that in keratinocytes
PHD2 controls nuclear HIF function while PHDs 1 and 3 are linked (positively and negatively respec-
tively) to epidermal differentiation. Alterations of PHD expression in skin lesions provide a strong
link between HIF activity and pathophysiology of these conditions.
678
ATP release from keratinocytes is a Ca2+-dependent exocytosis via a vesicular nucleotide trans-
porter, VNUT
K Inoue,1,2 K Fujishita,2 K Shibata,2 R Komatsu,2 Y Imura,2 Y Moriyama3 and S Koizumi2 1 Shiseido
Research Center, Yokohama, Japan, 2 Department of Neuropharmacology, Interdisciplinary
Graduate School of Medicine and Engineering, University of Yamanashi, Yamanashi, Japan
and 3 Department of Membrane Biochemistry, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan
Adenosine triphosphate (ATP) is released from various types of cells including epidermal keratinocytes
in response to irritant chemicals or mechanical stimulation. ATP released from keratinocytes func-
tions as an autocrine/paracrine signal that regulates adjacent cellular functions. However, the mech-
anisms underlying its release remain largely unclear. Here, we show that ATP is released from ker-
atinocytes by exocytosis, focusing on a recently identified vesicular nucleotide transporter (VNUT).
When stimulated with the calcium ionophore, ionomycin, normal human epidermal keratinocytes
(NHEKs) released ATP, which was inhibited by either BAPTA-AM or bafilomycin A, suggesting the
involvement of intracellular Ca2+ and vesicular H+-ATPase in the release. Immunocytochemical
analysis revealed that VNUT was present in the cytoplasm within NHEKs. When VNUT was knocked
down by small interference RNA, the ionomycin-induced ATP release was almost completely inhib-
ited in NHEKs. Next we visualized exocytosis of ATP in NHEKs. ATP vesicles were labeled with a
fluorescent-VNUT combined with either a weak fluorescent base, quinacrine or a fluorescent ATP
analogue, MANT-ATP. Vesicular-like double positive signals of either VNUT/quinacrine or
VNUT/MANT-ATP were abundantly present in NHEKs, suggesting that ATP should be stored within
VNUT-positive vesicles. Time-lapse confocal imaging revealed that qunacrine-positive signals showed
exocytotic behaviors, i.e., individual vesicles burst over near the plasma membrane and decreased
with different kinetics, which was inhibited by BAPTA-AM. These results suggest that NHEKs release
ATP by exocytosis, for which VNUT has a critical role in forming ATP-enriched vesicles.
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Disturbed lipid metabolism in fetal skin predisposes for development of allergic disorders
D Khnykin,1,5 M Lin,2 L Bjerkan,3 N Goto-Inoue,4 Y Uchida,5 I Hausser,6 M Setou,7 J Miner,2
F Johansen1 and F Jahnsen1 1 Pathology, University of Oslo, Oslo, Norway, 2 Internal Medicine,
Washington University School of Medicine, St. Louis, MO, 3 Oral Biology, University of Oslo,
Oslo, Norway, 4 Health Promotion Sciences, Tokyo Metropolitan University, Tokyo, Japan, 5
Dermatology, UCSF, San Francisco, CA, 6 Dermatology, University Clinic Heidelberg,
Heidelberg, Germany and 7 Cell Biology and Anatomy, Hamamatsu University School of
Medicine, Hamamatsu, Japan
Recent data have suggested that reduced epidermal barrier function predispose to development of
atopic disorders. Here we show that ichthyosis prematurity syndrome (IPS), an autosomal recessive
congenital ichthyosis caused by mutations in the fatty acid transport protein 4 (FATP4) gene, is
strongly associated with IgE-mediated atopic manifestations beyond the skin and a striking persist-
ent peripheral blood eosinophilia. The affected skin revealed a Th2-like inflammatory reaction with
signs of activation of keratinocytes expressing of the inducible form of TSLP. Importantly, the inflam-
matory skin reaction including the expression of TSLP was already present in the fetal stage. Acti-
vated TSLP+ keratinocytes were also found in FATP4-/- mouse embryos and skin grafted from new-
born FATP4-/- mice onto athymic nude mice revealed an atopic dermatitis-like inflammation. Our
results suggest that altered lipid metabolism in the epidermis triggers a deregulated activation of ker-
atinocytes that creates a proallergic microenvironment independent of the external microenviron-
ment and the adaptive immune system. This finding strongly suggest that disturbed lipid metabo-
lism in the skin is a direct cause of systemic IgE-mediated allergic disorders in which TSLP play a
central role.
680
Loss of the local cortisol stress response pathway contributes to the pathogenesis inflamma-
tory skin diseases
R Hannen,1 J Nikitorowicz-Buniak,2 R Stratton,2 A Ahmed,1 S Rajpopat1 and M Philpott1 1 Centre
for Cutaneous Research, Queen Mary University of London, London, United Kingdom and 2
Centre for Rheumatology, University of London, London, United Kingdom
Endogenous glucocorticoids (GCs) are essential for maintaining the epidermal skin barrier and
their powerful anti-inflammatory effects are exploited therapeutically to treat inflammatory skin con-
ditions such as psoriasis, eczema and scleroderma. We recently demonstrated that healthy primary
keratinocytes are capable of de novo cortisol synthesis, the primary GC in humans. Furthermore
healthy skin challenged with inflammatory stimulators (LPS and PMA; 24 h) induced a dose-response
increase in cortisol production when measured by ELISA. GC deficiency can promote susceptibil-
ity to autoimmune and inflammatory diseases, however the local production of cortisol and the GC
pathway has not been examined in inflammatory skin diseases. Using LC-MS/MS analysis, we demon-
strate that cortisol production is almost completely ablated in psoriatic and scleroderma skin rela-
tive to healthy human skin (healthy skin 809.6±120.4ng/ml, psoriatic lesion 67.7±11.8ng/ml, pso-
riatic uninvolved 63.1±7.9ng/ml, scleroderma lesion was below the limits of cortisol detection).
Furthermore, thin layer chromatography showed GC synthesis in psoriatic keratinocytes was less
than 20% of healthy controls. Steroid regulators and steroid enzyme expression, measured by west-
ern analysis, were also significantly reduced in psoriatic and eczema samples. Finally, GC recep-
tor (GR) expression was downregulated in lesional and non-lesional psoriatic skin. In summary, the
GC pathway, from de novo synthesis to GR expression is severely compromised in inflammatory
skin disease. Since GCs are essential for regulating barrier integrity, loss of the local cortisol stress-
response in skin may represent a novel component in the pathogenesis of these diseases. Exoge-
nous GCs when used therapeutically can induce side effects such as skin atrophy, thus identifying
new mechanisms to regulate endogenous GC synthesis could be of significant therapeutic benefit.
681
Novel metabolism of vitamin D in human epidermal keratinocytes and epithelial colon cells
T Kim,1 Z Lin,2 RC Tuckey,3 EK Tang,3 W Li2 and AT Slominski4 1 Pathology, University of
Tennessee HSC, Memphis, TN, 2 Pharmaceutical Sciences, University of Tennessee HSC,
Memphis, TN, 3 Chemistry and Biochemistry, University of Western Australia, Crawley, WA,
Australia and 4 Medicine, University of Tennessee HSC, Memphis, TN
We have defined a novel metabolic pathway for vitamin D3 and D2 metabolism by CYP11A1. The
main metabolites of the pathway include 20(OH)D3, 22(OH)D3, 20,23(OH)2D3, 1,20(OH)2D3
and 20(OH)D2. They show anti-proliferative, pro-differentiation and anti-inflammatory activities,
while being non-toxic/ non-calcemic at relatively high doses. In order to determine whether these
vitamin D analogs are produced in the skin, we incubated HaCaT keratinocytes with vitamin D3
or D2 substrates and analyzed the extracted secosteroids by LC/MS using the corresponding authen-
tic standards. Production of 20(OH)D3, 22(OH)D3, 25(OH)D3, 20,22/23(OH)2D3 and
1,20,23(OH)3D3, and of 20(OH)D2, 1,20(OH)2D2 and 17,20(OH)2D2 were readily detected when
vitamin D3 or D2 were used as the substrates, respectively. Their production was time and dose
dependent. Interestingly, in large scale cultures we also detected endogenous production of
20(OH)D3, 22(OH)D3 and 20,22/23(OH)2D3 by HaCaT keratinocytes. To test whether cells of the
gastrointestinal tract can also metabolize vitamin D via the new CYP11A1-dependent pathway, we
incubated CaCo2 cells with vitamins D3 or D2 as substrates. LC/MS analyses showed that all of the
above metabolites are produced in CaCo2 cells after addition of exogenous substrates. We con-
clude that both epidermal keratinocytes and intestinal epithelial cells can metabolize vitamin D as
follows D3Ç20(OH)D3/22(OH)D3Ç20,22/23(OH)2D3 or D2Ç20(OH)D2Ç17,20(OH)2D3 with
further hydroxylation at the 1α position to produce the corresponding 1α-hydroxyderivatives. We
believe that these findings are extremely significant in the context of skin biology and therapy of
skin and systemic diseases, because of their biological activity. They are also excellent candidates
for therapy of autoimmune/inflammatory and hyperproliferative disorders because of their lack of
measurable toxicity and calcemic effects.
682
JAK-STAT pathway mediates cutaneous inflammation via enhancing immune responses and
attenuating skin barrier functions
W Amano, S Nakajima, Y Miyachi and K Kabashima Dermatology, Kyoto University Graduate
School of Medicine, Kyoto, Japan
Cutaneous immune responses, including contact dermatitis and atopic dermatitis (AD), are triggered
by immunodysregulation and a skin barrier dysfunction. It is known that cytokines, such as IFN-γ
and IL-4/13, mediate the skin inflammation and IgE production, respectively. The JAK-STAT path-
way plays a pivotal role in cytokine signaling. Several studies suggested that JAK inhibitors attenu-
ate murine AD, but its underlying mechanism remains unclear. Initially, we used a murine contact
hypersensitivity (CHS) as a model to evaluate the role of JAK signaling. A JAK inhibitor tofacitinib
inhibited delayed-type hypersensitivity responses and CD4+ and CD8+ T cell infiltration into the
skin in the elicitation phase. In addition, the JAK inhibitor suppressed IFN-γ production in T cells
by stimulation with anti-CD3/CD28 in vitro. These data suggest that JAK-STAT signaling mediates T
cell activation and CHS responses. It remains unclear how skin barrier functions are modulated
under inflammatory conditions. Th2 conditions (ex. IL-4/13) are known to impair skin barrier by
suppressing filaggrin expression in keratinocytes. Intriguingly, this impaired skin barrier functions
and impaired filaggrin expression was restored by treatment with the JAK inhibitor. Moreover, the
JAK inhibitor restored natural moisturizing factor level by means of raman spectrometry. These data
suggest that JAK-STAT signaling plays an essential role in the development of skin immune responses
not only by promoting immune responses but also by attenuating skin barrier.
683
Loss of ELOVL1 enzyme depletes very long-chain fatty acids and causes lethal skin barrier
disruption in mice
S Suzuki,1,2 T Nomura,1 T Sassa,3 Y Ohno,3 M Akiyama,4 A Kihara3 and H Shimizu1 1 Department
of Dermatology, Hokkaido University Graduate School of Medicine, Sapporo, Japan, 2
Products Research Laboratories, ALBION Co., Ltd., Ginza, Japan, 3 Laboratory of
Biochemistry, Faculty of Pharmaceutical Sciences, Sapporo, Japan and 4 Department of
Dermatology, Nagoya University Graduate School of Medicine, Nagoya, Japan
ELOVL1 is a member of the mammalian fatty acid (FA) elongases and is involved in the synthesis
of very long-chain FAs (VLCFAs). VLCFAs are a key component of the skin ceramides that con-
tribute to skin barrier function. To date, however, an association between ELOVL1 and human dis-
eases has not been described. In this study, we generated Elovl1 knockout mice and revealed that
knockout of Elovl1 causes lethal skin barrier disruption. The mutant fetuses (Elovl1-/-) at embryonic
day 18.5 showed lower body weight (p<0.01) than wild-type fetuses and died within 12 hours when
ejected from the uterus, whereas the wild-type survived for more than 24 hours. The mutants had
significantly higher (p<0.01) transepidermal water loss, greater susceptibility to water permeability
and faster weight loss than the wild type. Skin histology using light and electron microscopy revealed
compact stratum corneum (SC), reduced SC intercellular lipids and deficient epidermal lamellar
granule contents. Lipid analysis of the epidermis from Elovl1-/- mice showed a significant decrease
in ceramides containing VLCFAs (≥C26) and a compensatory increase in shorter-chain ceramides
(≤C24). These results highlight the importance of ELOVL1 in epidermal barrier function and its poten-
tial as a therapeutic target for skin disorders such as atopic dermatitis and ichthyosis.
684
The role of protein o-fucose transferase-1 in epidermal and hair cycle homeostasis
H Lin and L Yang National Health Research Institutes, Zhunan, Taiwan
Notch signaling regulates a variety of processes such as differentiation, proliferation, apoptosis,
and cell fate choice. Notch ligand binds to Notch receptor results in the release and translocation
of activated Notch (NICD) into the nucleus. NICD binds to Rbpj and Mastermind, thereby activat-
ing downstream target genes. Protein O-fucose transferase-1 (Pofut1), one of the Notch receptor
modifiers which catalyzes O-fucose modification of Notch receptor extracellular domain, is cru-
cial for ligand-receptor interactions. Notch signaling has been shown to regulate early-stage differ-
entiation of the epidermis and complete maturation of hair follicles; however, how Notch signal-
ing participates in epidermal barrier and postnatal hair cycle homeostasis are less studied. Here,
we applied Cre/loxP system to generate conditional knockout (cKO) of Pofut1 and Rbpj in hair fol-
licle lineages and suprabasal epidermis using Tgfb3-Cre deleter. Rbpj and Pofut1 cKO mice can
survive after birth and both displayed defects in the granular layer and reactive epidermal hyper-
plasia. Rbpj cKO mice can only live up to two weeks, whereas Pofut1 cKO mice stay alive for 3-4
months and displayed atopic-dermatitis disease. Interestingly, Pofut1 cKO mice displayed ultra-
structural abnormalities in the granular layer and altered filaggrin processing in the epidermis, sug-
gesting a perturbation of the late-stage epidermal differentiation. Examination of certain proteases
and protease inhibitors involved in filaggrin processing revealed elevated expression levels of cas-
pase 14 and kallikrein-related peptidase in the mutant epidermis. Disruption of Pofut1 in hair fol-
licle lineages resulted in aberrant telogen morphology, concomitant with a decrease of bulge stem
cell markers and an increase of K14-positive keratinocytes in mutant hair follicles. To investigate
the effect of Notch signlaing loss on the stemness of hair follicle stem cells, we are currently study-
ing the impact of bulge-specific deletion of Pofut1 and Rbpj on hair follicle stem cells. Our data
suggest that Notch signaling plays a role in epidermal and hair cycle homeostasis.
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Interferon γ does not reduce calpain I but filaggrin expression in a concentration and time
dependent manner
I Topic, E Proksch and R Panzer Clinic for dermatology, University hospitals Schleswig-Holstein,
campus Kiel, Kiel, Germany
The disturbed skin barrier plays an important role in the pathogenesis of atopic dermatitis. The devel-
opment of the skin barrier malfunction in atopic dermatitis is not fully understood. Besides loss of
function mutations in the filaggrin gene in about 30% of the patients there are data suggesting a
secondary impairment of the skin barrier by mediators of inflammation. This includes reduction of
the expression of filaggrin and filaggrin processing enzymes as shown for bleomycin hydrolase. In
line with this we found decreased filaggrin expression in skin from patients with or without filag-
grin mutations. Calpain I is another enzyme thought to be involved in late processing steps of filag-
grin responsible for degrading deiminated filaggrin. In previous experiments with different proin-
flammatory cytokines we identified interferone (IFN) γ down regulating filaggrin expression in human
keratinocyte cultures in a concentration dependent manner. Now we analyzed its time depend-
ency and the influence of IFN γ and proinflammatory cytokines (such as interleukin 1β, 4, 5, 6, 13,
15, 17, 18, 20, 31, tumor necrosis factor α and tissue derived growth factor α) on calpain I expres-
sion. Analysis was semiquantitatively performed by real-time PCR. Filaggrin expression was reduced
the most after 24 h. In contrast to its influence on filaggrin expression IFN γ it did not cause a sig-
nificant decrease of calpain I expression. However a slight reduction of calpain I expression was
detected after stimulation with interleukin 1β and 18, although not reaching statistical significance.
Downregulation of filaggrin in inflammation by IFN γ might aggravate barrier disruption in psoria-
sis and atopic dermatitis.
687
Podoplanin alters β1-integrin-mediated cell adhesion and initiates terminal differentiation of
human epidermal keratinocytes
M Honma, M Fujii, H Takahashi and H Iizuka Department of Dermatology, Asahikawa Medical
University, Asahikawa, Japan
While podoplanin (PDPN) has been recognized as a lymphatic marker, the expression is also detected
in healthy and diseased human skin, such as sebaceous gland, hair follicles, wound, and psoriatic
epidermis. However, the precise function has not fully been elucidated. This study was carried out
to verify PDPN-function in normal human epidermal keratinocytes (HEK), focusing on cell adhe-
sion and differentiation. Cell adhesion and differentiation of HEK were analyzed in both conditions
of PDPN-overexpression and –silencing using adenoviral vector. Effect of PDPN on β1-integrin-
expression and activation was also analyzed. In hyperproliferative psoriatic epidermis, upregulated
PDPN-expression was observed especially in basal cell layer of rete ridges compared with that on
tips of dermal papillae. The expression pattern was inversely correlated with β1-integrin-expression
which was much stronger in basal cell layer on tips of dermal papillae. PDPN-overexpression sup-
pressed cell adhesion of HEK to type I collagen and induce the differentiation marker, correlating
with downregulated β1-integrin-expression/activation. The PDPN-mediated regulatory mechanism
of β1-integrin-activation was dependent on the interaction with CD44. PDPN-silencing increased
active β1-integrin level, which was suppressed by CD44-silencing. Immunoprecipitation assay
showed that PDPN inhibited molecular interaction of β1-integrin and CD44, which is essential for
the activation of β1-integrin. These results suggest that PDPN plays a role in supply of differentiat-
ing keratinocytes to thickened suprabasal layer of hyperproliferative psoriatic epidermis, in which
accelerated cell division should occur in cooperation with induction of terminal differentiation
process in the basal cell layer.
689
Kallikrein 7 is increased, but only partially activated in atopic dermatitis corneocytes
S Igawa,1 M Kishibe,1 M Minami-Hori,1 M Murakami,2 A Ishida-Yamamoto1 and H Iizuka1 1
Dermatology, Asahikawa Medical University, Asahikawa, Japan and 2 Dermatology, Ehime
University Graduate School of Medicine, Toon, Japan
Localization of desmosomes in the stratum corneum (SC), also known as corneodesmosomes (CDs),
can be visualized by immunostaining components in tape stripped corneocytes. With this method,
we detected CD molecules at the cell periphery in normal basket weave-like SC, while they local-
ized diffusely in lesional atopic dermatitis (AD) skin showing compact hyperkeratosis. Ultrastruc-
turally, CDs were distributed all around the cells in AD corneocytes. Staining patterns of CD mol-
ecules gradually normalized with clinical improvement. Strangely, previous assays with synthetic
substrates showed increased serine protease activity in AD lesion SC as compared with nonlesional
AD or normal SC samples. We confirmed elevated chymotrypsin-like serine protease activity in AD
SC with this method. It is peculiar that CD degradation is delayed in AD lesions, despite increased
serine protease activity. We therefore analyzed the activity and secretion of kallikrein (KLK) 7, the
sole chymotryptic enzyme secreted by lamellar granules (LGs) and involved in CD degradation.
First, we confirmed increased KLK7 protein levels in AD lesion SC by immunoblotting. We then
developed in situ zymography with tape stripped corneocytes to detect actual protease activity.
Despite increased protein levels, KLK7 protease activity in AD lesion SC did not increase signifi-
cantly with this method. Furthermore, nonsecreted LGs were detected only in the AD corneocytes
ultrastructurally. We also detected a part of KLK7 trapped in these LGs with immunoelectron
microscopy, indicating incomplete KLK7 secretion. Also, previous studies have shown that KLK7
activity decreases in dry environments. Taken together, KLK7 is only partially activated in AD SC
because of disturbed LG secretion and dry conditions. Furthermore, increased serine protease activ-
ity detected in the previous in vitro assay may not reflect the actual in vivo condition.
688
Glucocorticoid receptor enhances involucrin expression of keratinocyte in a ligand-inde-
pendent manner
J Lee, H Yoon, K Sohn, D Choi, D Hong, M Im, Y Lee, Y Seo and C Kim Dermatology, Chungnam
National University, Daejeon, Republic of Korea
In this study, we investigated the role of glucocorticoid receptor (GR) in epidermal keratinocytes.
In adult normal human skin, GR was highly expressed in the upper layers of the epidermis. Con-
sistent with normal skin, GR expression was increased after calcium treatment of HaCaT keratinocytes
cultured in vitro, suggesting that GR is involved in keratinocyte differentiation process. Overex-
pression of GR using an adenovirus showed that expression of involucrin, an early differentiation
marker of keratinocytes, was markedly increased due to GR overexpression. However, treatment
with dexamethasone, a GR agonist, did not increase involucrin expression. Overexpression of GR
led to phosphorylation of c-Jun N-terminal kinase (JNK) and extracellular signal-regulated kinases
(ERK) in the absence of glucocorticoid, suggesting that the GR effect on involucrin expression is
related to activation of intracellular signaling cascades. This idea was supported by the fact that
GR-mediated involucrin induction was abolished after treatment with JNK and ERK inhibitors. In
addition, GR mutants lacking the ligand binding domain increased involucrin expression con-
comitantly with increase of ERK phosphorylation. Together, these results suggest that GR modulates
involucrin expression of keratinocytes by regulating the intracellular signaling network in a ligand-
independent manner.
686
Retinol showed different gene expression of keratinocyte differentiation compared to retinoic
acid
J Lee, H Choi, J Cho and H Lee R&D Center, Amorepacific Corporation, Yongin-si, Republic of
Korea
Retinoids enhance proliferation and desquamation of cultured epidermal cells and suppress differ-
entiation. Retinol was used instead of retinoic acid for preventing skin aging. Although consider-
able knowledge about retinoic acid has been accumulated, little is yet known about the mecha-
nisms of retinol. To clarify the mechanisms underlying the action of retinol compared to retinoic
acid, we carried out gene expression analysis in epidermal differentiation using DNA microarray
analysis. Three pairs of cultured normal human keratinocyte specimens were obtained after retinol
and retinoic acid treatment for 2days. Each set of specimens and non-treated normal specimens
were analyzed with microarray chip. Ninety-five genes were changed more than 2-fold in retinol
treated specimens compared with normal control specimens while three hundred ninety-four genes
were changed in retinoic acid treated specimens. Compared with retinoic acid-treated keratinocytes,
less epidermal differentiation-related genes were down-regulated in retinol-treated keratinocytes.
Retinol reduced the expression of filaggrin and loricrin more than 2-fold. Retinoic acid reduced
them more than 5-fold. But claudin1 was down-regulated more than 2-fold by only retinoic acid.
The results of the present microarray analysis of retinol treated keratinocytes, demonstrating differ-
ent regulation of genes related to epidermal differentiation compared to retinoic acid, suggest that
retinol reduced side-effect such as desquamation and epidermal thickness when it was used for
preventing photo-aging.
690
Interest of Pentyl-rhamnoside in prevention of xerosis
M Galliano, C Carrasco, S Bessou-Touya and H Duplan Dermo Cosmetic Department, Pierre
FABRE R&D Center, Toulouse, France
In previous works, we demonstrated the inhibitory activity of the cosmetic ingredient Pentyl-rham-
noside on inflammation induced in keratinocytes exposed to atopic dermatitis environment. More-
over, Pentyl-rhamnoside restored gene expression of several markers of terminal differentiation or
involved in lipid synthesis, thereby promoting barrier repair. Pentyl-rhamnoside-containing balm
applied onto normal human reconstructed epidermis significantly enhanced de novo synthesis of
the lipids involved in the lipid barrier formation, suggesting that the balm may bring benefits to dry
skin or dehydrated skin. The aim of the present study was to investigate the preventive effect of Pentyl-
rhamnoside on dehydration. Human skin explants that were pre-treated or not with Pentyl-rham-
noside-containing balm were submitted to dryness conditions in a humidity-controlled chamber
maintained at 15% of relative humidity and 37°C. Punch biopsies were then processed for in situ
zymography and immunohistological analyses. After acute dryness induction, a notable increase in
proteases activity was revealed by in situ zymography. By immunostaining, we observed markedly
decreased labelling for the tight junction protein claudin 4 and the desmosomal protein desmoglein
1, together with altered localization of the aquaporine 3 water channel. When explants were pre-
treated with Pentyl-rhamnoside-containing balm, induction of protease activity challenged by dehy-
dration was prevented; tight junctions and desmosomes were preserved from disruption as denoted
by similar immunolabelling of claudin 4 and desmoglein 1 as compared to untreated explants. The
gradient distribution within epidermis for aquaporine 3 was also maintained. Our data demonstrated
that Pentyl-rhamnoside-containing balm was efficient to protect human skin explants from dehy-
dration and strengthen the biological role of Pentyl-rhamnoside in regulating the homeostasis of
the epidermis. Pentyl-rhamnoside-containing balm should bring benefits for the treatment of xero-
sis.
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Genomic analysis of a resveratrol treated epidermal in vitro model
KE Barrett, D Hyliands, F Lim, G Jenkins and JE Pople Unilever Discover, Sharnbrook, United
Kingdom
Resveratrol (trans-3,5,4’-trihydroxystilbene), is a naturally occurring polyphenol of the stilbenoid
class, which is a phytoalexin produced by several plant species. It is found in the skin of dark coloured
grapes as well peanuts, blueberries and cranberries. It is reported to have multiple biological activ-
ities including anti-cancer, anti-inflammatory and beneficial effects on the cardiovascular system.
Polyphenols are associated with beneficial effects on skin; however the exact mechanisms by which
these benefits are delivered is currently unknown. To evaluate the potential effects of resveratrol on
human skin we preformed genomic analysis on EpiDerm™ in vitro skin models treated with 1 or
2.5μg/ml resveratrol for 24 or 120 hours. The key findings of the genomics analysis suggested resver-
atrol had effects on cell cycle, mitosis, chromosome segregation, DNA replication, keratinocyte
differentiation and the regulation of cell proliferation. To validate these insights additional studies
were preformed with the xCELLigence™ real time cell analysis system, which utilizes electrical
impedance technology to monitor the biological status of cells. Primary human keratinocyte cells
were treated with 1 or 2.5μg/ml resveratrol and the response of the cells monitored over a 70 hour
period. The cells treated with 2.5μg/ml resveratrol showed a marked reduction in proliferation rate
compared to control cells suggesting resveratrol had an effect on keratinocyte proliferation and
potentially differentiation.
692
Skin barrier functions in the patients with atopic dermatitis, allergic contact dermatitis, pso-
riasis, and xerotic eczema
E Choi, N Lee, S Park, N Yoon and D Kim Department of Dermatology, Yonsei University Wonju
College of Medicine, Wonju, Republic of Korea
Lesional skins of most inflammatory skin diseases, especially atopic dermatitis, present an impaired
barrier function. If non-lesional skins also have the impaired barrier, proper moisturizers will pre-
vent their relapse. So, we compared their barrier function of the patients with inflammatory skin
diseases and the healthy people. Total 135 people including each 25 patients with atopic dermati-
tis(AD), allergic contact dermatitis(ACD), psoriasis and xerotic eczema(XE), and 35 healthy people
were enrolled. Basal transepidermal water loss(TEWL) and stratum corneum(SC) hydration were
measured on forehead, inner forearm and calf. Also the barrier recovery rate was calculated. Basal
TEWL in lesional skin of all inflammatory skin diseases was increased compared to non-lesional
skin. Basal TEWL in non-lesional skin of all inflammatory skin diseases was not increased com-
pared to normal control. Also SC hydration in lesional skin of all skin diseases was decreased com-
pared to non-lesional skin. SC hydration decreased in non-lesional skin of AD, psoriasis or XE except
ACD, and barrier recovery rates decreased in AD, ACD or XE except psoriasis compared to normal
control. Collectively, moisturizers with barrier replacement lipids and better humectants would be
recommended for AD or XE.
693
The steroid and xenobiotic receptor pregnane X receptor controls epidermal homeostasis
A Elentner,1 N Yannoutsos,2 M Schmuth1 and S Dubrac1 1 Dermatology and Venereology,
Innsbruck Medical School, Innsbruck, Austria and 2 Gene Regulation and Immunology
Laboratory, Department of Cell Biology,, Innsbruck Medical School, Innsbruck, Austria
The pregnane X receptor (PXR) is a ligand-activated transcription factor regulating genes central to
drug and hormone metabolism in the liver. While skin is the largest metabolic organ of the body,
the role of PXR in cutaneous homeostasis has not yet been investigated. Here we show that PXR is
low but consistently expressed in mouse and human epidermis. Moreover, PXR is mostly expressed
in the nucleus of proliferating and differentiating human and mouse keratinocytes. PXR expression
is decreased in apoptotic mouse and human keratinocytes and PXR deficient mouse keratinocytes
are less viable than controls. Furthermore, PXR ligands increase viability of mouse and human ker-
atinocytes but do not affect keratinocyte proliferation, similar to overexpression of PXR in mouse
keratinocytes, at least in vitro. In vivo, PXR deficiency decreases while transgenic overexpression
of PXR under a K14 promotor (PXR-K14-Tg) increases epidermal thickness. Proportion of ki67+
keratinocytes and expression of filaggrin are increased in skin of PXR-K14-Tg mice. In summary,
PXR expression is not restricted to the gastro-intestinal tract as long believed and is expressed in
skin where it regulates epidermal homeostasis.
694
Antagonistic effects of IL17A and IL4 on epidermal tight junctions
A De Benedetto,1 T Yoshida,1 I Kuo,1 S Gestios,2 A Ivanov,3 DY Leung4 and LA Beck1 1
Department of Dermatology, University of Rochester Medical Center, Rochester, NY, 2
Department of Dermatology, Northwestern University Feinberg School of Medicine, Chicago,
IL, 3 Department of Human and Molecular Genetics, Virginia Commonwealth University
School of Medicine, Richmond, VA and 4 Department of Pediatrics, National Jewish Health
University School of Medicine, Denver, CO
Atopic Dermatitis (AD) is characterized by epidermal barrier impairment with defects identified in
both stratum corneum (SC) and tight junctions (TJ). Several cytokines (e.g. IL4, IL13, IL17A), found
in AD skin, reduce the expression of key SC proteins. Little is known about the inflammatory medi-
ators that modulate epidermal TJ. In this study we selected the prototypic Th2 cytokine, IL4 and Th17
cytokine, IL17A to evaluate the effect that these cytokines have on TJ barrier function and expres-
sion of critical components. Ca+2-differentiated primary human keratinocytes (PHK) were treated
with cytokines (IL4: 5-50 ng/ml; IL17A: 1-100 ng/ml; alone or combination) or media alone. TJ
integrity was assessed by trans-epithelial electric resistance (TEER) and paracellular flux of fluores-
cein. TJ protein expression was measured in submerged PHK cultures and in organotypic epider-
mis. IL17A induced a dose-dependent enhancement of TEER (72h, p≤0.01), reduction of fluores-
cein flux (72h, p≤0.05) and enhanced Claudin-4 expression. IL4 blocked the IL17A-induced enhanced
TJ integrity (TEER, p=0.02 and fluorescein flux, p=0.002) and prevented the enhancement in Claudin-
4 expression. IL4 alone did not affect TJ integrity at the 72 hr timepoint. No changes were observed
in Claudin-1, Occludin or ZO-1 expression. Claudin-4 expression was reduced in AD skin as com-
pared to controls (p≤0.01). In summary, we show that IL17A enhances epidermal TJ integrity and
this is associated with increased Claudin-4 expression. Both these effects are inhibited by IL4. Under-
standing what effects different T helper subsets have on TJ integrity and the mechanism responsible
for these actions will pave the way for new AD therapies aimed at barrier repair.
695
A homozygous nonsense mutation of gene for Mattrin, a component of lamellar granule secre-
tory system, produces spontaneous dermatitis in mice
T Sasaki,1,2 A Shiohama,3,4 A Kubo,1 H Kawasaki,1 A Ishida-Yamamoto,5 T Yamada,6 T Hachiya,7
A Shimizu,8 H Okano,9 J Kudoh4 and M Amagai1 1 Dermatol, Keio Univ, Tokyo, Japan, 2
Integrated Med Res, Keio Univ, Tokyo, Japan, 3 MSD Program, Keio Univ, Tokyo, Japan, 4
Gene Med, Keio Univ, Tokyo, Japan, 5 Dermatol, Asahikawa Med Univ, Hokkaido, Japan, 6
Pathol, Keio Univ, Tokyo, Japan, 7 MBL Co., Nagoya, Japan, 8 Mol Biol, Keio Univ, Tokyo,
Japan and 9 Physiol, Keio Univ, Tokyo, Japan
Filaggrin (FLG) is major predisposing factor in human atopic dermatitis (AD). Flaky tail (Flgft) mice
have a frameshift mutation in Flg and are widely used as a model of human AD. These mice pos-
sess another matted (ma) recessive hair mutation and develop spontaneous dermatitis in SPF con-
ditions, while genetically engineered Flg-/- mice do not. In this study, we segregated the ma/ma and
Flgft/ft mutations and revealed that ma/ma mice, not Flgft/ft, develop the dermatitis phenotypes. We,
then, defined a ma minimal locus and found a homozygous nonsense mutation in the gene for
Mattrin (matted mouse trasnsmembrane protein, Matt) by next generation DNA sequencing. Exoge-
nous wild type Mattrin expression by transgene rescued the dermatitis and hair phenotype of Mattma/ma
mice, including histology, scratching behavior, and serum total IgE level. Matt mRNA was most
prominently expressed in the skin and within the epidermis mattrin was expressed in the outermost
layer of stratum granulosum (SG1). When observed en face by whole mount staining of epidermal
sheet, mattrin was observed in tubular or reticular patterns and best colocalized with trans-Golgi
network markers in SG1 cells. In Mattma/ma mice, the staining of several lamellar granule secreted
proteins including KLK5 and LEKTI was significantly reduced. Furthermore, tape stripping of skin
surface revealed that the cornified layers were more easily removed en bloc rather than by layer as
seen in wild type mice. These findings indicate that deficiency of mattrin, a novel skin barrier-related
protein, is responsible for spontaneous dermatitis in Mattma/ma mice, and will provide an important
clue for clarification of pathophysiological mechanisms for SC barrier dysfunction and AD and AD-
like dermatitis.
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Metabolomic analysis of the skin: Development of cell lysage techniques for optimal extrac-
tion
J Wu and AW Armstrong Dermatology, Univeristy of Calfornia Davis, Sacramento, CA
Metabolomics is the study of the metabolome, a collection of the low molecular mass metabolites
of biological tissues. Metabolic byproducts serve as indicators of the chemical processes and can
provide valuable information on pathogenesis by measuring the amplified output. Standardized
techniques for metabolome extraction of skin samples serve as a critical foundation to this field but
have not been developed. We sought to determine the optimal cell lysage techniques for metabolomic
analysis. Using porcine skin samples, we pulverized the skin via either mortar-and-pestle, ultra-
sonication, mortar-and-pestle followed by ultrasonication, ball mill followed by ultrasonication, or
homogenization. We then extracted samples for GC-TOF-MS analysis. The signal intensities of 493
metabolite peaks detected by the GC-MS run were used for comparison of these pulverization meth-
ods. In descending order, ultrasonication alone resulted in a total signal intensites of 2.7x107; mor-
tar and pestle, 2.6x107; ball mill/ultrasonication, 1.6x107; mortar and pestle/ultrasonication, 1.4x107;
and homogenization, 1.2x107. Due to their similar signal intensities, ultrasonication and mortar
pestle were selected for further testing. We applied these two techniques to additional samples and
analyzed the metabolome by GC-TOF-MS and UHPLC-QTOF-MS/MS. For GC-MS, ultrasonication
resulted in greater signal intensities than mortar pestle for 236 out of 256 metabolites. Of those, we
observed statistically significant increases in signal intensities for 162 metabolites. For LC-MS,
ultrasonication resulted in greater signal intensities for 15 out of 22 metabolites when compared to
mortar pestle, of which three were statistically significant. Overall, mechanical breakage via ultra-
sonication was most effective compared to other methods evaluated. This is the first investigation
of optimal skin tissue preparation for metabolomic evaluation. With standardized sample prepara-
tion, metabolomic analysis of skin can serve as a powerful tool in elucidating underlying biologi-
cal processes in dermatological conditions.
S118 Journal of Investigative Dermatology (2013), Volume 133
IID13_Abstracts-5  3/25/13  3:00 PM  Page S118
Epidermal Structure & Barrier Function | ABSTRACTS
697
Mitochondrial generation of reactive oxygen species promotes epidermal differentiation and
hair follicle development
RB Hamanaka,1 A Glasauer,1 P Hoover,2 S Yang,2 H Blatt,2 S Getsios,2 CJ Gottardi,1 RM Lavker2
and NS Chandel1 1 Medicine, Northwestern University, Chicago, IL and 2 Dermatology,
Northwestern University, Chicago, IL
Although the genetic and morphological changes associated with epidermal differentiation are
well studied, the signaling events that regulate this process remain poorly understood. Here we
tested the hypothesis that mitochondrial generation of reactive oxygen species (ROS) is an impor-
tant regulator of epidermal differentiation by creating a mouse with a keratinocyte-specific defi-
ciency in the mitochondrial transcription factor A (TFAM). The epidermis of these TFAM conditional
knockout (cKO) mice was characterized by reduced expression of differentiation markers and by
increased proliferation within the basal layer. These mice had impaired epidermal barrier function
and died within 15 days of birth. Primary keratinocytes isolated from TFAM cKO mice demon-
strated impaired differentiation in vitro, a result of impaired Notch-dependent transcription. Dif-
ferentiation marker expression in TFAM cKO keratinocytes could be partly rescued by treatment
with exogenous hydrogen peroxide or by overexpression of the Notch intracellular domain. The hair
follicles of TFAM cKO mice were characterized by reduced levels of β-catenin and underwent pre-
mature catagen. TFAM cKO keratinocytes could not induce β-catenin-dependent transcription after
treatment with Wnt ligands, a defect recapitulated by treatment of control keratinocytes with antiox-
idants. This defect was rescued by treatment with lithium chloride, suggesting an ROS-sensitive sig-
naling event required for inhibition of glycogen synthase kinase 3β after Wnt ligand stimulation.
Administration of lithium chloride to TFAM cKO mice partially rescued the hair follicle defect
observed in these mice. Taken together, our results demonstrate that generation of mitochondrial
ROS is a key upstream signaling event required for differentiation and homeostasis of the epider-
mis and hair follicle.
699
Evaluation of golden silk-derived extract epidermal barrier markers, caspase-14 and related
genes in human skin equivalent models
K Hattori,1 A Date,2 K Tohyama2 and H Tamura1 1 Faculty of Pharmacy, Keio University, Tokyo,
Japan and 2 Kobe Technical Center, P&G Japan, Kobe, Japan
Background: The stratum corneum of human epidermis is composed of terminally differentiated ker-
atinocytes serving as an essential barrier to environmental stresses. Caspase-14 is a member of the
caspase family, whose expression is restricted almost exclusively to the granular and corneous layer.
Recent works suggest that compounds, which increase caspase-14 expression, are potent to exhibit
a protective effect on the skin barrier function, especially in case of barrier damage and UV irradi-
ation. Silk extract, which is one of widely used natural materials for cosmetics, provides luster for
hair as well as protection for both hair and skin. Recently, a unique Golden Silk-Derived Extract
(GSDE) has newly developed as a moisturizing agent, which is made from the cocoon of Bombix
mori. GSDE contains specific flavonoids like quercetin, and several small peptides. Objective: GSDE
has several beneficial effects, such as antioxidant effects in human skin cells and induction of hyaluro-
nan and collagen production in dermal cells. To determine the in vitro effects on barrier formation
and hydration of topically applied GSDE, we analyzed the expression of biomarkers of late epi-
dermal differentiation, especially the caspase-14 and its-related genes. Methods: The human skin
equivalent with partially formed cornified layer (EPI-201) was purchased from MatTek. GSDE was
added on the stratum corneum of EPI-201 and it was incubated for 24h. The expression of biomarker
genes were measured by real-time RT-PCR analysis. Results and Discussion: GSDE induced the
caspase-14 gene expression by 3-folds compared to non-treated control, but it decreased the elafin
gene expression to the half. Elafin has antiproteolytic properties and it accumulates in photoaged
skin. These results suggest that GSDE influences terminal keratinocyte differentiation and may help
limit skin damage from UV. These data provide a compelling reason to further understand the nature
of GSDE and its skin benefits.
701
Altered cutaneous neural innervation in pruritic dermatoses
SB Elmariah,1 T Conniff,2 T Luo,1 E Azimi,1 VB Reddy,1 EA Lerner1 and D Wolpowitz2 1
Dermatology, Massachusetts General Hospital, Charlestown, MA and 2 Dermatology, Boston
University School of Medicine, Boston, MA
Itch and pain signals are transmitted from the skin to the spinal cord by small diameter, unmyeli-
nated C fibers and thinly myelinated Aδ fibers. Growing evidence suggests that the ability of over-
lapping sensory populations to encode distinct sensations of itch and pain lies in part with the dis-
tinct anatomic sites of nerve fiber termination within the skin. Studies with cowhage, a potent
pruritogen, in human skin suggest that itch-specific pathways reside within the neural plexus along
the dermo-epidermal junction (DEJ). In contrast, intraepidermal nerve fibers (IENFs) express tran-
sient receptor potential vanilloid 1 (TRPV1) and transmit noxious heat and mechanical pain. At the
level of the spinal cord, nociceptive signals transmitted from IENFs may inhibit incoming prurito-
ceptive signals. To test the hypothesis that itch in chronic pruritic skin disorders arises from either
decreased nociceptive IENFs or increased pruritoceptive fibers at the DEJ, we performed immuno-
histochemistry and confocal microscopy on 50 μM thick paraffin-embedded human tissue from
lichen simplex chronicus (LSC), lichen amyloidosis (LA), and age- and sex-matched control skin
using antibodies against multiple neuronal markers including PGP9.5, TRPV1, substance P (SP)
and calcitonin gene related peptide (CGRP). Our data suggest that PGP9.5+ and TRPV1+ IENF length
is reduced in LSC and LA compared to age and sex matched controls. In contrast, PGP9.5+ nerve
fiber length at the DEJ was relatively unchanged in pruritic skin compared to age and sex matched
controls. Peptidergic innervation by SP+ and CGRP+ fibers was sparse but present and predomi-
nantly limited to the DEJ in LSC, LA and controls. Together, these findings suggest that some types
of itch may arise due to a loss of the normal itch-inhibition provided by nociceptive IENFs in the
setting of maintained pruritoceptive input.
700
Paradoxical benefits of psychological stress in mouse models of inflammatory dermatoses
J Santiago,1 T Lin,2 M Man,3 M Hupe,3 G Martín-Ezquerra4 and PM Elias3 1 Dermatology,
Hospital General de Ciudad Real, Ciudad Real, Spain, 2 Dermatology, National Cheng Kung
University Hospital, and Graduate Institute of Clinical Medicine, College of Medicine,
National Cheng Kung University, Tainan, Taiwan, 3 Dermatology, Department of Veterans
Affairs Medical Center, and Department of Dermatology, UCSF, San Fracisco, CA and 4
Dermatology, Hospital del Mar-IMIM, Universitat Autonoma de Barcelona, Barcelona, Spain
While acute psychological stress (PS) mobilizes many metabolic responses that are of immediate
benefit to the host, more prolonged PS is thought to exacerbate systemic and cutaneous inflamma-
tory disorders. The adverse consequences of PS in normal skin can be explained at least in part by
the observation that PS compromises permeability barrier homeostasis, stratum corneum cohesion,
wound healing, and epidermal innate immunity in normal skin, via increased production of endoge-
nous glucocorticoids (GC). Yet, the adverse consequence of PS in normal skin may not apply to
inflammatory disorders, where an elevation in endogenous GC could benefit, rather than aggravate
inflammatory disorders. To test this hypothesis, we employed prolonged, motion-restricted PS in
three immunologically-diverse, mouse models: i) single-hapten challenge-induced, acute allergic
contact dermatitis [AACD]; ii) repeated hapten (x3) challenges, with early features of atopic der-
matitis [AD]; and iii) a phorbol ester-induced, acute irritant contact dermatitis [ICD] model. As
expected, PS stimulated endogenous GC production. But rather than aggravating inflammatory
dermatoses, it reduced inflammation, improved permeability barrier homeostasis, and normalized
serum IgE levels in the AD model. The role of endogenous GC in producing these apparently-par-
adoxical benefits was shown by co-administration of the GC receptor antagonist, mifeprostone
(Ru486), which prevented PS-induced disease ameliorations. Thus, PS, under these experimental
conditions, benefits rather than aggravates cutaneous inflammatory dermatoses, due to the anti-
inflammatory activity of increased endogenous GC.
698
Topical glucocorticoid or pimecrolimus suppresses thymic stromal lymphopoietin (TSLP)-
related allergic inflammatory mechanism in oxazolone-induced atopic dermatitis animal
model
N Yoon,1 M Jung,1 D Kim,1 H Lee,1 J Youm2 and E Choi1 1 Departments of Dermatology, Yonsei
University Wonju College of Medicine, Wonju, Republic of Korea and 2 Cosmax R&I,
Seongnam, Republic of Korea
Atopic dermatitis (AD) is a chronic inflammatory skin disease considered as the first step of atopic
march. Impairment of skin barrier in AD can increase allergens penetration that accounts for sen-
sitization even in the airways followed by asthma. TSLP is an epithelial cell-derived cytokine and
exists as high level in AD skin. Recently, TSLP is regarded as a systemic driver on atopic march and
considered as a biologic experimental therapeutic target in AD. Herein, we made AD animal model
through oxazolone (OX) sensitization and multiple challenges. OX-induced AD mice divided into
3 groups such as topical glucocorticoid-, pimecrolimus- and vehicle-applied groups. We assessed
basal TEWL, SC hydration, epidermal differentiation, antimicrobial peptide (AMP) expression, pro-
tease activated receptor-2 (PAR-2) and IgE level in each group. We also investigated whether topi-
cal glucocorticoid or pimecrolimus could give effect on TSLP expression in OX-induced AD ani-
mal model. As the results, topical glucocorticoid or pimecrolimus treatment improved both AD
skin lesions and skin barrier-related biomarkers by reducing TSLP-related allergic inflammatory
mechanism. The improvement in the glucocorticoid group was much higher than pimecrolimus
group.
702
Knockdown of filaggrin in a three-dimensional reconstructed human epidermis impairs ker-
atinocyte terminal differentiation program
V Pendaries,1,2,3 R Nachat,1,2,3 J Malaisse,4 Y Poumay,4 G Serre1,2,3 and M Simon1,2,3 1 UMR5165
CNRS, Toulouse, France, 2 U1056 INSERM, Toulouse, France, 3 University of Toulouse,
Toulouse, France and 4 Cell and tissue laboratory, University of Namur, Namur, Belgium
Atopic dermatitis (AD) is a chronic relapsing inflammatory skin disorder caused by genetic and envi-
ronmental factors. The skin of AD patients demonstrates defects in the epidermal barrier, due to dis-
turbed keratinocyte differentiation and particularly to lower expression of filaggrin (FLG), FLG2 and
hornerin. To investigate the impact of FLG deficiency on keratinocyte differentiation, we used
lentivirus-mediated shRNA interference in three-dimensional reconstructed human epidermis (RHE)
in vitro. This approach allows permanent protein extinction in keratinocytes. Analysis of differenti-
ation markers and barrier efficacy confirmed that the RHE model displays similar epidermal strati-
fication/differentiation program as normal human epidermis. ShRNA targeting of FLG mRNA effi-
ciently suppressed the expression of this protein, and reduced keratohyalin granule amount, as
compared to RHE infected with non-target shRNA lentivirus. As already observed, the loss of FLG
led to an abnormal permeability of the RHE as evidenced using a dye penetration assay. In this
model, absence of FLG also impaired keratinocyte differentiation. Similarly to AD patient skin, the
amounts of FLG2, hornerin and loricrin were considerably decreased, as well as the expression of
enzymes involved in the proteolytic metabolism of FLG, including caspase 14 and bleomycin hydro-
lase. In addition, we observed a diminution of keratin K10 and desmoplakin, and an increase of
corneodesmosin and claudin 1 amounts. Other well-known keratinocyte differentiation markers
were not affected by the lack of FLG, such as involucrin, keratin K14, desmocollins and desmogleins.
This study demonstrates that knockdown of FLG expression in RHE reproduces some of the alter-
ations in the epidermal differentiation program observed in AD patients, alterations which contribute
to a disturbed epidermal barrier.
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Study of epidermal barrier restoration in human organotypic skin models
T Petrachi, A Marconi, F Truzzi, R Lotti, A Saltari, P Morandi and C Pincelli Dermatology,
University of Modena and Reggio Emilia, Modena, Italy
Epidermal barrier mainly consists of the stratum corneum and the tight junctions in the stratum gran-
ulosum. It represents the first vital defense against a variety of external insults, and epidermal bar-
rier disruption is pathologically involved in common skin diseases, including psoriasis, contact and
atopic dermatitis. Epidermal barrier has been studied in humans through non-invasive techniques
and in a number of mouse models. The aim of the present study was to investigate epidermal bar-
rier restoration in human skin organ cultures after disruption by two different methods. We first
used the tape stripping procedure by repeatedly applying (100 times) adhesive tapes onto the skin
surface, resulting in the complete removal of the stratum corneum. 18 hours later, the horny layer
started to recover, as shown by the increased thickness, while filaggrin, loricrin and red oil remained
unchanged. After tape stripping, the number of Ki67 positive keratinocytes increased up to 18 hours,
while it was similar to control at 24 hours. In addition, the number of apoptotic cells increased
starting at 24 hours after tape stripping, as shown by TUNEL. When skin organ culture were exposed
to 2% SLS for 18 hours, junctions were disrupted, as demonstrated by the irregular pattern of expres-
sion of both claudin and desmoglein 1. The number of Ki67 positive keratinocytes decreased 18
hours after SLS treatment, while few TUNEL positive cells were observed. At 24 and 36 hours after
SLS treatment, claudin and desmoglein 1 expression were similar to control levels, indicating
repair of the junctions. These results indicate that organotypic skin models can be successfully used
for the study of disruption and repair of the epidermal barrier. The models will be also suitable for
testing drugs for the treatment of skin diseases characterized by a dysregulation of this critical defense
structure.
704
In vitro, ex vivo and in vivo evaluation of barrier function and skin lipid modulation – from
active ingredient to formula
J Franchi, I Krolikiewicz-Renimel, P Schaeffer, E Leblanc, M Neveu and S Schnebert LVMH-
Research, Saint Jean de Braye, France
As a complement to cell culture models and in vivo studies, skin explants are very convenient
models to investigate the effect of topical formula application of cosmetic products. We identified
a Commiphora muku extract (CME) as a very potent agonist of the PPARg. We used a stable cell
line designed to express a chimeric protein, containing the ligand binding domain of PPARg. The
expression of the PPARg was evaluated by qRT-PCR in normal human keratinocytes. The expression
of differentiation and cohesion markers were followed by immunostaining. Normal skin fragments
were cultivated at the air-liquid interface, after delipidation the different formulae were applied
topically. At day 8, after epidermis separation, the extracted lipids were separated and identified by
class by high performance CCM. Before and after 28 days of application of a formula on 31 vol-
unteers with dry skin, skin surface lipids were analysed using chromatography coupled with a mass
spectrometry system. In parallel, an evaluation by a dermatologist was done. Using 2D cell culture,
we described that CME is a strong PPARg agonist using a PPAR reporter cell line. We also described
an increased expression of PPARg in human keratinocytes. Furthermore, it stimulated numerous
markers of the epidermis differentiation and cohesion. Topical application of a formula containing
CME on skin explants was responsible of an increase of total lipids, in particular ceramides and cho-
lesterol. In vivo, data have shown a significant relipidation without increase of the squalen content.
The dermatologist evaluation concludes to a significant improvement of the suppleness of the skin
ant its nourished aspect. Each model brings us information which could be predictive of in vivo
efficacy. These results suggest that CME possesses properties that are applicable to the treatment of
skin dryness, and raise the possibility that CME has anti-ageing properties, partly due to its PPAR
agonist effect.
705
Lysates of probiotic bacteria augment tight junction barrier function in human primary epi-
dermal keratinocytes
R Sultana,1 AJ McBain2 and CA O’Neill1 1 Medicine, University of Manchester, Manchester,
United Kingdom and 2 Pharmacy and Pharmaceutical Sciences, University of Manchester,
Manchester, United Kingdom
Studies in the gut have demonstrated that some probiotics enhance epithelial barrier function by
modulation of tight junction complexes. Recently, the benefits of probiotics in other tissues have
received attention. We are investigating whether selected strains of potentially probiotic bacteria
have value when used topically on skin. Tight junctions have recently been shown to be critical to
skins barrier function. Therefore in this study, we investigated whether probiotics can modify the
tight junction function of human primary keratinocytes. Human primary epidermal keratinocytes
were grown on cell culture inserts and treated with either Bifodobacterium longum, Lactobacillus
plantarum, Lactobacillus reuteri, Lactobacillus fermentum or Lactobacillus rhamnosus. With the
exception of L. fermentum, all strains markedly enhanced tight junction barrier function within 24
h, as assessed by measurements of transepithelial electrical resistance (TEER). However, B. longum
and L. rhamnosus were the most efficacious, producing dose-dependent increases in resistance
that were maintained over 4 d. Both strains also increased the expression of tight junction protein
components claudin 1, ZO-1 and occludin. B. longum reuter additionally increased claudin 4 expres-
sion in keratinocytes. Neutralisation of Toll-Like receptor 2 abolished both the increase in TEER and
expression of tight junction proteins induced by B. longum, but not L. rhamnosus. Our data sug-
gest that some probiotic strains increase tight junction function via modulation of protein compo-
nents. The potential role for topical application of probiotics in conditions where the skin barrier is
compromised, is currently under evaluation.
706
Epidermal keratinocytes form a functional skin barrier in the absence of autophagy
H Rossiter,1 U König,1 C Barresi,1 M Buchberger,1 M Ghannadan,1 C Zhang,1,2 V Mlitz,1
R Gmeiner,1 S Sukseree,1,3 D Födinger,1 L Eckhart1 and E Tschachler1 1 Dermatology, Medical
University of Vienna, Vienna, Austria, 2 Dermatology, Huashan Hospital, Fu Dan University,,
Shanghai, China and 3 Faculty of Medicine, Srinakharinwirot University, Bangkok, Thailand
Cornification of keratinocytes involves the degradation of intracellular constituents which has led
to the hypothesis that autophagy plays a role in this process. Mice, in which essential autophagy-
related genes such as Atg7 are deleted systemically, die after birth and have not been characterized
for potential epidermal defects. This study has thus tested whether autophagy is essential for epi-
dermal barrier formation and function in vivo. Atg7 was inactivated in epidermal keratinocytes by
the Cre-loxP system under the control of the keratin K14 promoter (Atg7Δepi mice). Autophagic
activity was detected using the GFP-microtubule-associated protein light chain 3 (GFP-LC3) reporter
construct and Western blot analysis of LC3. Epidermal morphology was examined by histological
and ultrastructural analyses, and barrier functions were assessed by dye diffusion and water loss
assays. Suprabasal epidermal cells of normal mice contained GFP-LC3-labeled autophagosomes
and epidermal lysates of these mice showed an excess of lipidated over non-lipidated LC3. These
features of active autophagy were efficiently suppressed in Atg7Δepi epidermis. Atg7Δepi mice sur-
vived the perinatal period and were apparently healthy. Histologically, their epidermis was incon-
spicuous and ultrastructural analysis revealed no significant defect in cornification. However, there
was a marked accumulation of degenerate mitochondria and a tendency to increased abundance
of late differentiation proteins in autophagy-deficient epidermis. Concomitantly, an increase in the
thickness of corneocytes in the back skin of mutant mice was detected. Nevertheless, resistance to
dye penetration into the skin, transepidermal water loss and corneocyte fragility were normal in
Atg7Δepi mice. This study demonstrates that autophagy is constitutively active in the epidermis but
not essential for the barrier function of the skin.
707
Paradoxical induction of keratinocyte hyper-proliferation by a differentiation associated pro-
tein Keratin 10
H Mirza and K Choate Dermatology, Yale University, New Haven, CT
Keratin (K) 10 is a type 1 keratin exclusively expressed in post-mitotic, terminally differentiated
suprabasal keratinocytes and is a marker keratinocyte differentiation (1) . Prior work examining over-
expression of K10 in transformed cell lines and basal murine keratinocytes has been reported to
result in cell cycle arrest, inhibition of proliferation and resistance of chemical carcinogenesis (2,
3). As such, K10 has been thought to be a differentiation-inducing protein, but its effect on cell pro-
liferation and differentiation has not been studied in primary human keratinocytes to date. In this
study, we ectopically expressed K10 in primary human basal keratinocytes. K10 formed interme-
diate filaments and co-localized with K5, a type 2 keratin exclusive to basal keratinocytes. K10 inter-
fered with keratinocyte in-vitro re-epithelialization suggesting inhibition of cell migration as opposed
to an earlier report (4). Surprisingly, K10 expression did not arrest cell cycle. Instead it induced hyper-
proliferation and activation of Akt-p with abundant expression in mitotic keratinocytes. K10 did not
induce differentiation markers K1 or involucrin or suppress expression of basal makers such as K5
and K14. Moreover, K10 did not alter keratinocyte response to apoptotic stimuli. Altogether, these
findings suggest that while K10 may be a marker of terminal differentiation, its expression alone,
does not induce this process. 1-Koch, P. J. and D. R. Roop (2004). “The role of keratins in epider-
mal development and homeostasis—going beyond the obvious.” J Invest Dermatol 123(5): x-xi. 2-
Paramio, J. M., et al. (1999). “Modulation of cell proliferation by cytokeratins K10 and K16.” Mol
Cell Biol 19(4): 3086-3094. 3-Santos, M., et al. (2002). “The expression of keratin k10 in the basal
layer of the epidermis inhibits cell proliferation and prevents skin tumorigenesis.” J Biol Chem
277(21): 19122-19130. 4-Chen, J., et al. (2006). “An unexpected role for keratin 10 end domains
in susceptibility to skin cancer.” J Cell Sci 119(Pt 24): 5067-5076.
708
Akt-1 mediates nuclear lamin degradation in keratinocytes and the expression of Cathepsin
H a novel epidermal protease involved in profilaggrin processing
A Naeem,1,2 Y Zhu,1,2 J Harper,1 W Di1,2 and R O’Shaughnessy1,2 1 Livingstone Centre for Skin
Research, UCL Institute of Child Health, London, United Kingdom and 2 Immunobiology and
Dermatology, UCL Institute of Child Health, London, United Kingdom
Atopic Dermatitis (AD) is a chronic inflammatory disease characterised by relapsing pruritus, eczema-
tous lesions, lichenification and increased transepidermal water loss. Association of filaggrin muta-
tions with AD has been well documented. However not all AD patients have filaggrin mutations
suggesting other mechanisms give rise to the barrier defect present in AD. Akt-1 activity is required
for cornified envelope formation and correct filaggrin processing. Akt-1 activity has been observed
in a subset of AD patients. The aim of this study was to investigate the role of downstream targets
of Akt-1 signalling in profilaggrin processing and cornified envelope formation. We identified
genes downstream of Akt-1 by analysis of 2 different Akt1 siRNA knock down rat epidermal ker-
atinocyte cell lines. The nuclear envelope protein, Lamin A/C, was up-regulated in the Akt-1 kd cells.
Lamin A/C expression was maintained in the cornified layer of our parakeratotic Akt1 knockdown
organotypic model. Parakeratosis has been observed in AD and interestingly lamin A/C degrada-
tion, is thought to be an Akt-mediated process. Consistent with this, we observed reduced Lamin
A/C degradation in Akt1 knockdown lines. Filaggrin proteolytic processing was impaired in Akt-1
kd cells. We used microarray analysis to profile differences in protease expression in our Akt-1 kd
cell lines. Cathepsin H (CTSH) was down-regulated 4-fold in our Akt-1 knockdown cells and organ-
otypic cultures. CTSH co-localized with filaggrin in the granular layer of human epidermis, and
was reduced in non-lesional skin of eczema patients with reduced AKT-1 activity. Here we identify
two downstream effectors of Akt-1 signalling involved in key processes required for forming the
cornified envelope. Akt-1 controls epidermal Lamin A/C degradation. Importantly we have identi-
ifed CTSH as a new epidermal protease that is involved in filaggrin processing.
S120 Journal of Investigative Dermatology (2013), Volume 133
IID13_Abstracts-5  3/25/13  3:00 PM  Page S120
Epidermal Structure & Barrier Function | ABSTRACTS
709
Atopic dermatitis-like inflammation: Role of acute versus chronic epidermal barrier impair-
ment
V Martinz, M Schmuth and S Dubrac Department of Dermatology and Venereology, Innsbruck
Medical University, Innsbruck, Austria
Although the role of impaired barrier function in the pathogenesis of atopic dermatitis (AD) is undis-
puted, it is unclear whether acute or inherited skin barrier disruption per se triggers the develop-
ment of AD-like inflammation. Acute epidermal barrier disruption by tape stripping resulted in
mild epidermal hyperplasia. No dermal inflammatory infiltrates were observed and expression of
inflammatory cytokines in the skin remained unchanged. However, expression of the immunosup-
pressive cytokine IL-10 was increased in tape stripped skin. In contrast, chronic barrier impairment
in flaky tail (ft/ft) mice induced hyperkeratosis, epidermal thickening and discrete dermal inflam-
matory infiltrates. Expression of IL-10, TGF-β and IL-1β was increased in the skin of ft/ft mice, in
contrast to TSLP, IL-13, IL-5, IFN-γ and TARC. These results show that there is a subclinical skin
inflammation in chronic barrier disruption whereas these changes are minimal and reversible in
tape stripped skin. We next asked if the threshold for AD-like inflammation could be modified fol-
lowing barrier disruption when the skin immune system is specifically triggered. We topically applied
vitamin D3 (VitD3) onto ft/ft and tape stripped WT mouse ears. Histological analysis suggested that
impaired skin barrier function and topical VitD3 synergize to induce overt skin inflammation. VitD3-
induced ear thickening and dermal inflammation were aggravated in both tape stripped and ft/ft
mice as compared to respective controls. However, increased Th2 cytokine production was only
observed in the skin of ft/ft mice and not in tape stripped WT mice treated with VitD3, suggesting
that chronic barrier impairment is required to boost the AD-like Th2 immune response. Thus, acute
or chronic epidermal barrier disruption by tape stripping does not per se trigger AD-like skin inflam-
mation. In contrast, chronic epidermal barrier disruption in ft/ft mice aggravates Th2 polarization
when the skin immune system is triggered.
711
Novel clinical studies lead to new insights on barrier differences between healthy and dry
skin and the effects of skin moisturizers on barrier property
N Lu, P Chandar, L Feng, J Bajor, C Vincent and S Zhang Unilever, Trumbull, CT
We developed a novel clinical method for the characterization of stratum corneum (SC) properties
of healthy and dry (xerosis) skin and investigated the effect of skin moisturizers on SC properties as
well as their efficacy of dry skin treatment. In our method, the skin is sequentially tape-stripped
with accompanying measurement of transepidermal water loss (TEWL). Tapes are analyzed for both
the free amino acid and protein contents followed by mathematical analysis to reveal the SC thick-
ness, intrinsic barrier quality (resistance to water transport per SC thickness), the content and spa-
tial distribution of natural moisturizing factors (NMF) as well as relative cohesivity of the SC. A series
of double-blinded clinical studies were conducted to characterize the baseline difference between
healthy and dry skin (with 64 healthy/dry skin subjects), to investigate the effect of a common skin
moisturizer on SC properties (25 dry skin subjects), and to compare the efficacy of 4 commercially
available skin moisturizers with different key ingredients (25 dry skin subjects). Our results revealed
that, compared to healthy skin, dry skin is characteristically thicker but weaker in barrier quality,
has a lower NMF spatial profile and weaker cohesivity. The skin moisturizer improves the above
mentioned SC properties toward those of healthy skin during the treatment; however, such effects
were partially lost after a 1-week regression (without moisturizer). Interestingly, we found that the
improvement in the SC barrier quality by the moisturizer mainly occurs near the skin surface but
not in the deeper part of the SC. Our results also revealed, at a detail level beyond traditional stud-
ies, that different key functional ingredients in skin moisturizers induce various dry skin treatment
efficacy. By providing better assessment of skin barrier quality at baseline and in response to topi-
cal treatment, the new method may be helpful in facilitating the development of new therapeutic
strategies for chronic dry skin conditions.
713
Kallikreins 5 and -7 are coordinately transferred with glucosylceramides into lamellar bod-
ies by ABCA12
L Zhang,1 DR Roop,1 M Hupe,2 DA Crumrine,2 PM Elias2 and WM Holleran2 1 Department of
Dermatology, Charles C. Gates Center for Regenerative Medicine and Stem Cell Biology,
University of Colorado Anschutz Medical Campus, Aurora, CO and 2 Department of
Dermatology, School of Medicine, University of California, San Francisco, CA
ABCA12 is a member of the ATP-binding cassette (ABC) transporter family that is mainly expressed
in mammalian epidermis. Previous studies have suggested that ABCA12 primarily regulates the trans-
fer of glucosylceramides (GluCer) into lamellar bodies (LBs) in the differentiated layers of the epi-
dermis. Harlequin Ichthyosis (HI) is caused by mutations in ABCA12, and we have previously
established a novel ABCA12 mutant mouse model (ABCA12 198/198 ) that fully recapitulates many of
the pathological features of HI, including: loss of barrier function, absence of GluCer deposition in
the Stratum Corneum (SC), hyperkeratosis, and parakeratosis. Furthermore, we have demonstrated
the absence of the major desquamation enzymes, kallikreins (KLK) 5 and -7, in the SC of this HI
mouse model. In this study, we have used cultured wild type keratinocytes to demonstrate that, KLK5
and KLK7 are co-localized with GluCer following the induction of differentiation by calcium. To
determine the potential correlation between the trafficking of kallikreins and GluCer, we decreased
the levels of GluCer using DPPMP, a GluCer synthetase inhibitor. We discovered that decreasing
GluCer levels within the keratinocytes diminished the co-localization of KLK7 with GluCer. In
addition, it inhibited the release of the KLKs into the culture media as assessed at both the protein
level and enzymatic activity. Interestingly, the secretion of KLKs by the HI keratinocytes was not
affected by DPPMP treatment, potentially due to the inability of this ABCA12 allele to transfer GluCer
during differentiation. These findings suggest that ABCA12 not only plays an essential role in trans-
ferring GluCer, which is required for formation of multi-lamellar structures in the SC, but perhaps
more importantly in the coordinate transfer of KLK 5 and -7, which is essential to allow normal
desquamation.
712
Improvement of transdermal delivery of caffeine through human skin
N Belhaj,1 V Ollier,2 C Bezivin1 and E Loing3 1 R&D, Lucas Meyer Cosmetics, Champlan,
France, 2 R&D, Lucas Meyer Cosmetics, Ramonville St Agne, France and 3 R&D, Lucas Meyer
Cosmetics, Québec, QC, Canada
Ionosomes are new vesicular delivery systems. They are primarily composed of soya phospholipids
forming closed multilamellar spheres of different dimensions and coated with polysaccharides
film. This new generation of liposomes was developed to be more resistant in some cosmetic for-
mulas rich in surfactants and/or electrolytes. Caffeine being the most famous lipolytic molecule,
was encapsulated in ionosomes and classical liposomes. Our study aimed to improve, after a sin-
gle application on healthy human skin, the percutaneous absorption and penetration of caffeine to
reach deep adipocytes. The percutaneous absorption through human skin was evaluated using
Franz™ modified static diffusion cells with an effective diffusion area of 2.02 cm2. The diffusion
was monitored for 24 hours. At the end of this exposure time, caffeine amount was quantified by
HPLC in the washing liquids and in different skin structures: stratum corneum (horny layer [strips]),
viable epidermis, dermis and receptor fluid (collected after: 2, 4, 8, 12, 18 and 24 hours of treat-
ment). Compared to a caffeine water solution (reference), ionosomes and classical liposomes
increased the percutaneous absorption and the skin availability of caffeine. After 12 hours of treat-
ment, ionosomes vectorized a significant amount of caffeine towards the receptor liquid. After 24
hours treatment, the availability of caffeine in the receptor liquid was improved by 3.5 and 2.2 times
with ionosomes and liposomes respectively, in comparison with the caffeine reference solution.
Whatever the carrier formulation, there were no significant differences between the caffeine amounts
recovered in stratum corneum, viable epidermis and dermis.
710
Computational studies of the regulation of peroxisome proliferator-activated receptors (PPARs)
on epidermal barrier function and hydration
N Lu, J Adamus, H Meldrum and C Bosko Unilever, Trumbull, CT
Our goal was to better understand the regulation of peroxisome proliferator-activated receptors
(PPARs) on epidermal barrier formation and homeostasis using computer simulation. We first devel-
oped a computer model of human epidermis with pathways of PPARα, PPARβ/δ and PPARγ using
a systems biology package, Entelos® Physiolab Platform. Mechanisms of action and data on epi-
dermal PPARs presented in public literature were analyzed and mathematically pieced together into
the model. PPAR pathways were linked with keratinocyte proliferation and differentiation processes
as well as external perturbations, allowing simulations of in vivo conditions with both time and
spatial resolutions. Our model reproduced literature results and provided new insights. For exam-
ple, PPAR upregulation leads to enhanced lipid production and improved barrier function at home-
ostasis, and accelerates the rate of barrier recovery after surfactant damage and tape-stripping. The
stratum corneum hydration is increased due to both enhanced production of natural moisturizing
factors and improved barrier function by PPAR agonists. Simulations results suggest that the effects
(e.g., on barrier function and hydration) induced by topically applied PPAR agonists are long last-
ing – sustaining 2~4 weeks after the stop of the agonist application. Our studies indicated that
PPAR activation via topically applied agonists is a viable route for improving skin barrier function
and moisturization in vivo. We also specifically investigated the mechanisms of action of conju-
gated linoleic acid (CLA), a PPAR pan agonist, along with in vitro and clinical studies. The clinical
observations of the CLA effect on epidermal thickness, proliferation and transepidermal water loss
can only be matched by simulations where CLA activate pathways enhancing proliferation, e.g.,
retinoic acid, in addition to PPARs, suggesting that CLA acts more than a PPAR pan agonist in skin.
In vitro results of CLA with and without PPAR antagonists further support this conclusion.
714
Melatoninergic pathway in human skin: Metabolism and phenotypic activity
A Slominski,1 T Kim,1 K Kleszczynski,2 Z Janjetovic,1 T Sweatman,3 W Li,4 R Reiter5 and
TW Fischer2 1 Pathology and Laboratory Medicine, Center for Cancer Research, UTHSC,
Memphis, TN, 2 Dermatology, University of Lubeck, Lubeck, Germany, 3 Pharmacology,
UTHSC, Memphis, TN, 4 Pharmaceutical Sciences, UTHSC, Memphis, TN and 5 Cellular &
Structural Biology, UT Health Science Center, San Antonio, TX
To determine the relative importance of the indolic and kynuric pathways of melatonin metabolism
in the skin, human keratinocytes, melanocytes, melanoma cells and fibroblasts were incubated with
melatonin. Formation of melatonin metabolites was monitored by liquid chromatography mass spec-
trometry (LC/MS). Production of 6-hydroxymelatonin (6-OHM), N1-acetyl-N2-formyl-5-methoxykynu-
ramine (AFMK) and 5-methoxytryptamine (5-MT) was detected, in a cell type dependent fashion.
The major metabolites, 6-OHM and AFMK were produced in all cell types tested. Thus, in immor-
talized normal human epidermal (HaCaT) keratinocytes, 6-OHM was found to be the main prod-
uct with Vmax = 63.7 ng/106 cells and Km = 10.2 μM, with lower production of AFMK and 5-MT.
In malignant melanocytes, 6-OHM and AFMK were produced endogenously, a process that was
accelerated by exogenous melatonin. Transformation of melatonin into 6-OHM and AFMK by nor-
mal human melanocytes, keratinocytes and fibroblasts isolated from primary cultures was also
detected. N- acetylserotonin (NAS) was endogenously produced in human melanocytes and its
production did not increase when incubated with melatonin substrate. Moreover, these melatonin
metabolites showed selective anti-proliferative effects on human primary epidermal keratinocytes
in cell culture. Furthermore, both melatonin and AFMK stimulated expression of involucrin and ker-
atin-10 in the epidermis of ex-vivo cultivated skin, indicating their pro-differentiation effects in epi-
dermal keratinocytes. In summary, the metabolism of melatonin and its endogenous production is
cell-type dependent. Melatonin and its metabolites also exhibit anti-proliferative and pro-differen-
tiation effects in human epidermal keratinocytes.
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Cyclophilin B, expressed in the granular layer of epidermis, regulates human keratinocyte dif-
ferentiation, growth and homeostasis
A Sinha,1 A Lonsdale-Eccles,1 P Fearon,1 A Forrester,1 C Todd,1 F Allain2 and NJ Reynolds1 1
Institute of Cellular Medicine, Newcastle University, Newcastle-upon-Tyne, United Kingdom
and 2 Université des Sciences et Technologies de Lille, Lille, France
Cyclosporine A (CsA), an effective therapy for inflammatory skin disease, binds to cyclophilin B
(CypB) with high affinity mediating T-cell immunosuppression. However, CsA also exerts T-cell inde-
pendent effects in skin. We have previously shown that CypB is expressed and secreted by normal
human epidermal keratinocytes (NHEK). Here, we aimed to investigate the functional role of CypB
in epidermis. Confocal analysis of normal human skin revealed that CypB is expressed predomi-
nantly within the granular cell layer. Transduction of NHEK with retroviral vectors containing CypBWT-
GFP, CypBW128A-GFP (a mutant reducing CsA binding to 3%) resulted in efficient expression, pro-
cessing and secretion of the proteins into the medium. Consistent with localised expression within
the granular cell layer, CypBWT and CypBW128A positively regulated keratinocyte differentiation (trans-
glutaminase promoter luciferase and enzyme activity). Additionally, however, transduction of NHEK
with CypBWT and CypBW128A significantly increased colony formation compared to empty vector
by 1.4 fold (p<0.001) and 1.15 fold (p<0.05) respectively (one way ANOVA). Also, NHEK prolifer-
ation was significantly increased by transduction with CypBWT (1.9 fold, p<0.05) and CypBW128A
(2.7 fold, p<0.001). Notably, conditioned medium from NHEKs transduced with CypBWT or CypBW128A
increased proliferation of naïve NHEK by 1.3 fold (p<0.01) and 1.2 fold respectively, suggesting
paracrine effects. Conversely, transduction with shRNA CypBWT resulting in knockdown of CypBWT
reduced NHEK proliferation (P<0.05). Finally, NHEK transduced with CypBWT formed thicker epi-
dermal equivalents compared with empty vector controls. These studies indicate that CypB stimu-
lates keratinocyte differentiation consistent with its expression pattern but also promotes prolifera-
tion through paracrine effects and regulates epidermal homeostasis. Thus, CypB is a potential
therapeutic target.
716
EGFR inhibitor treatment in pemphigus vulgaris provides a clinical study design with crucial
insights into signal molecule inhibition for epidermal homeostasis
BS Sayar,1,4 E Schmidt,2 M Sibilia,3 MM Suter,1,4 A Galichet1,4 and EJ Müller1,4 1 Molecular
Dermatology, Institute of Animal Pathology, University of Bern, Bern, Switzerland, 2
Department of Dermatology and Comprehensive Center for Inflammation Medicine,
University of Luebeck, Luebeck, Germany, 3 Institute of Cancer Research, Department of
Medicine I, Medical University of Vienna, Vienna, Austria and 4 DermFocus, University of
Bern, Bern, Switzerland
Pemphigus vulgaris (PV) is an autoimmune orphan disease with potentially fatal outcome. Intra-
cellular signal activation secondary to autoantibody binding to keratinocytes has recently begun to
emerge as a complementary treatment approach. However, inhibition of signaling molecules in tis-
sues that crucially depend on their activity for normal functioning is challenging. For example can-
cer patients treated with EGFR inhibitors such as Erlotinib (Tarceva) or Lapatinib (Tykerb) develop
skin rashes and bullous lesions which are severe in 8-17% cases, often forcing the clinician to stop
a treatment which otherwise would be beneficial. To define treatment conditions with Erlotinib and
Lapatinib in PV, here we used passive transfer of both the monospecific pathogenic antibody AK23
or patient PVIgG (together with pemphigus foliaceus IgG) into a neonatal PV mouse model with
activated EGFR (Schulze et al, JID 132, 346ff, 2012). Our results, reinforced by EGFR deleted trans-
genic mice and in vitro keratinocyte cultures challenged with AK23, demonstrate that EGFR inhibitors
only effectively prevent blister formation when operating within a window between 35-50% of
normal EGFR activity. Above and below this activity, blister development is gradually aggravated.
These data highlight that not only too little but also too much EGFR inhibition affects epidermal
integrity, a concept which might also apply to other signaling molecules in PV for which contro-
versial results have been obtained. In conclusion, our results provide a simple study design to fine
tune the use of EGFR and possibly other inhibitors in PV, which is also applicable for cancer patients.
717
Leptin affects sebaceous lipid formation and intracellular distribution and induces proin-
flammatory signaling in SZ95 sebocytes
D Torocsik,1 D Kovacs,1 A Dozsa,2 E Posta,1 R Molinaro,4 GG Nagy,3 R Ruhl,5 G Tax,6,7 K Szabo,7
L Kemeny,6,7 CC Zouboulis8 and E Remenyik1 1 Department of Dermatology, University of
Debrecen, Medical and Health Science Center, Debrecen, Hungary, 2 Department of
Dermatology, Semmelweis Medical and Health Care Center, Miskolc, Hungary, 3 Department
of Internal Medicine, University of Debrecen, Medical and Health Science Center, Debrecen,
Hungary, 4 Laboratório de Imunofarmacologia, Instituto Oswaldo Cruz, Fundação Oswaldo
Cruz, Rio de Janeiro, Brazil, 5 Department of Biochemistry and Molecular Biology, University
of Debrecen, Medical and Health Science Center, Debrecen, Hungary, 6 Department of
Dermatology and Allergology, University of Szeged, Szeged, Hungary, 7 MTA-SZTE
Dermatological Research Group, University of Szeged, Szeged, Hungary and 8 Departments
of Dermatology, Venereology, Allergology and Immunology, Dessau Medical Center, Dessau,
Germany
Sebaceous glands maintain the lipid barrier of the skin surface through the production of sebum.
In addition, sebocytes also play an active role in innate immunity, natural photoprotection, steroido-
genesis and skin inflammation. On the other hand, although leptin links lipid metabolism and inflam-
mation in various cells besides adipocytes, its role in sebocytes has not been investigated yet. We
report here that leptin receptor was detected in sebaceous glands of histological specimens from
normal and acne-involved human skin. Cultured human SZ95 sebocytes also expressed leptin recep-
tor and exhibited biological responses to leptin. Leptin treatment induced lipid body formation in
SZ95 sebocytes and altered lipid distribution within the cells. Supporting its reported proinflam-
matory role, leptin induced COX2 expression in SZ95 sebocytes and the levels of secreted IL-8 by
the cells. STAT3 pathway was found to be activated showing that this common leptin signaling path-
way in macrophages and dendritic cells is also active in sebocytes. Our findings suggest that leptin
signaling could have an important (patho)physiological role in sebocyte biology.
718
Flightless I overexpression impairs skin barrier development, function and recovery post-
blistering
Z Kopecki,1,2 GN Yang,2 RM Arkell,3 JE Jackson,2 H Iwata,4 RJ Ludwig,4 D Zillikens,4 DF Murrell5
and AJ Cowin1,2 1 Centre for Regenerative Medicine, Mawson Institute, University of South
Australia, Adelaide, SA, Australia, 2 Women’s and Children’s Health Research Institute, North
Adelaide, SA, Australia, 3 Research School of Biological Sciences, Australian National
University, Canberra, ACT, Australia, 4 Department of Dermatology, University of Lubeck,
Lubeck, Germany and 5 Department of Dermatology, St George Hospital, Sydney, NSW,
Australia
An intact epidermal barrier is critical for maintaining the integrity and function of healthy skin.
Patients with Epidermolysis Bullosa (EB) have impaired skin integrity which contributes to its fragility
and impaired wound healing. The aim of this study was to identify the function of the cytoskeletal
protein Flightless I (Flii) in the development and function of the epidermal barrier. Using Flii+/-,
wild-type and FliiTg/Tg mice we investigated the effect of altering Flii levels in embryonic and adult
mouse skin. Overexpression of Flii resulted in delayed formation of the epidermal barrier in embryos
and decreased expression of tight junction proteins ZO-2 and Claudin-1. Increased intercellular
space and trans-epidermal water loss was observed in the skin of Flii overexpressing adult mice
while Flii overexpressing keratinocytes showed impaired skin barrier function with altered locali-
sation of tight junction proteins and significantly reduced transepithelial resistance in vitro. EB
Acquisita was induced in Flii overexpressing mice and analysis of the skin revealed impaired tight
junction protein expression, particularly Claudin-1 and -4 and delayed recovery of a functional
skin barrier post-blistering compared to WT mice. Immunoprecipation and in vivo actin assays
confirmed that Flii directly associates with tight junction proteins and its effect on actin polymer-
ization underpins the impaired skin barrier function observed in Flii overexpressing mice. These
results suggest an important role for Flii in the development and regulation of the epidermal skin
barrier which may contribute to impaired healing and skin fragility of patients with EB.
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Novel ABCA12 splice site deletion mutation and ABCA12 mRNA analysis in harlequin
ichthyosis
T Takeichi, K Sugiura, M Kono and M Akiyama Department of Dermatology, Nagoya University
Graduate School of Medicine, Nagoya, Japan
Harlequin ichthyosis (HI) is a severe and often fatal congenital ichthyosis with an autosomal reces-
sive inheritance pattern. It was clarified that HI is caused by severe functional defects in the ker-
atinocyte lipid transporter ABCA12. Here we report that a compound heterozygote for ABCA12
mutations, including a novel 16-nucleotide deletion in the intron-exon boundary, exhibited a typ-
ical HI phenotype at birth. A Japanese female baby was born at 37 weeks gestational age. At birth,
she had thick plate-like scales with deep fissuring overlying erythrodermic skin. Severe eclabium
and ectropion were seen. A skin biopsy specimen at 6 days after birth showed massive hyperker-
atosis. Ultrastructurally, abnormal lipid-containing droplets and vacuoles were seen in the cyto-
plasm of cornified cells in the stratum corneum. We searched for mutations in ABCA12 in the affected
girl and both parents. In the patient, two heterozygous ABCA12 mutations, a paternal novel splice
site 16-nucleotide deletion (c.1062-3_1074del16) in the intron-exon boundary (intron 9 to exon
10) and a maternal known nonsense mutation c.5005C>T (p.Gln1669X) in exon 33, were identi-
fied. Quantitative PCR using the cDNA extracted from cutaneous epithelial cells showed that the
expression of ABCA12 mRNA from the patient was significantly decreased, suggesting RNA decay.
Sequencing of cDNA from exon 9 to exon 11 amplified by the cDNAs demonstrated another ABCA12
splice variant showing the skipping of exon 10, in addition to the wild type splicing product. The
present splice site deletion mutation was revealed to result in exon skipping and frame shift, lead-
ing to a loss of function of ABCA12 and resulting in the typical HI phenotype. Interestingly, a com-
pound heterozygote for the two mutations c.5005C>T (p.Gln1669X) and c.3407G>A (p.Gly1136Asp)
was previously reported to show a typical congenital ichthyosiform erythroderma (CIE) phenotype.
In this regard, we hypothesized that the difference between c.1062-3_1074del16 and c.3407G>A
(p.Gly1136Asp) may determine whether the phenotype is HI or CIE.
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Regulation of PPAR alpha in models of skin barrier disruption
S Blunder, S Dubrac and M Schmuth Dermatology, Medical University Innsbruck, Innsbruck,
Austria
PPARs not only are key regulators of systemic lipid and glucose metabolism, but they are also impor-
tant in cutaneous homeostasis. PPARs have been shown to play prominent roles in fetal epidermal
development, they control epidermal lipid synthesis, keratinocyte differentiation and they inhibit
skin inflammation. In line with these observations, agonists to various PPAR isotypes were found to
elicit beneficial effects in mouse models of skin disease and in patients with atopic dermatitis.
Filaggrin is one of the most essential structural proteins involved in skin barrier formation. Loss-of-
function mutations in its gene cause ichthyosis vulgaris characterized by dry, scaly and flaky skin,
and they are associated with atopic dermatitis, characterized by severe skin inflammation. In this
work, we aimed to assess the expression of PPAR alpha, beta/delta and gamma in skin after chronic
and acute skin barrier disruption. We studied filaggrin-deficient flaky tail mouse skin and wild type
mice exposed to repeated tape stripping. Our murine models revealed a reduction of PPAR alpha
whereas PPAR beta/delta and PPAR gamma expression levels were not altered as compared to con-
trols. Similar results were obtained in chronic versus acute skin barrier disruption. These data indi-
cate that PPAR alpha is regulated in skin by epidermal barrier requirements with potential impli-
cations for the common inflammatory skin disease atopic dermatitis.
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mRNA and protein expression of filaggrin and loricrin in cultured normal human keratinocytes
was increased after treatment with PPAR-γ agonists
Y Yan, M Furumura, S Numata, K Teye, B Ohyama and T Hashimoto Department of Dermatology,
Kurume University School of Medicine, and Kurume University Institute of Cutaneous Cell
Biology, Fukuoka, Japan
Peroxisome proliferator-activated receptor (PPAR) agonists are expected to be useful for treatment
of skin diseases, because they stimulate keratinocyte differentiation, exert anti-inflammatory effects
and improve barrier function. In this study, cultured normal human keratinocytes (NHKs) were treated
with five PPAR-γ agonists, including thiazolidinediones (ie, rosiglitazone, pioglitazone, troglitazone
and ciglitazone) and an angiotensin-receptor blocker (telmisartan) at the maximum non-toxic con-
centration. Expression of keratinocyte differentiation markers, filaggrin and loricrin, was assessed
by qRT-PCR, immunoblotting and immunocytofluorescence. Significant increase of filaggrin mRNA
in calcium-induced differentiated NHKs was found after treated with rosiglitazone (average 208 ±
15%, p < 0.05), pioglitazone (180 ± 4%), troglitazone (241 ± 21%) and telmisartan (160 ± 2%). The
observed mRNA increases accompanied significant increases of filaggrin protein after treated with
rosiglitazone, pioglitazone, troglitazone (p < 0.05) and telmisartan (p < 0.1). Loricrin mRNA increased
after treatment with rosiglitazone (166 ± 2%) and pioglitazone (146 ± 4%), and they also signifi-
cantly increased loricrin protein (p < 0.05). Immunocytofluorescence further verified significantly
stronger expression of these two proteins in well-differentiated NHKs. No significant increase was
detected in any assay after ciglitazone treatment. In conclusion, mRNA and protein expression of
both filaggrin and loricrin increased after rosiglitazone and pioglitazone treatments, while troglita-
zone and telmisartan increased expression of only filaggrin. Thus, various PPAR-γ agonists exerted
differential stimulatory effects on the expression of filaggrin and loricrin in NHKs. Among these,
rosiglitazone and pioglitazone may be the two most potent PPAR-γ agonists for treatment of skin
diseases.
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ORAI1 channel orchestrates skin homeostasis via calcium dependent regulation of focal adhe-
sion kinase and directional migration
M Raphaël*,1 M Vandenberghe*,1 V Lehen’kyi*,1 D Gordienko,1,2,3 R Hastie,4 T Oddos,5 P Hogan,4
A Rao,4 R Skryma1 and N Prevarskaya1 1 Laboratory of cell Physiology, INSERM U1003,
University of Sciences and Technologies of Lille, Villeneuve d’ascq, France, 2 Laboratory of
Molecular Pharmacology and Biophysics of Cell Signalling, Bogomoletz Institute of
Physiology, Kiev, Ukraine, 3 State Key Laboratory of Molecular and Cell Biology, Kiev, Ukraine,
4 La Jolla Institute for Allergy and Immunology, San Diego, CA and 5 Research and
Development Department, Johnson & Johnson Santé Beauté France, Val de Reuil, France
To achieve and maintain skin architecture and homeostasis, keratinocytes must intricately balance
growth, differentiation and polarized motility all of which are known to be governed by calcium.
However the molecular nature of calcium transporting proteins and respective mechanisms involved
in this tight regulation remain poorly studied. Here, we uncover a critical and hitherto unappreci-
ated role of Orai1 protein in skin homeostasis. Using a combination of electrophysiology, calcium
imaging, molecular and cell biology approaches applying to both human primary keratinocytes and
the keratinocytes isolated from orai1-/- mice we show that the loss of Orai1 protein inhibits prolif-
eration and migration but induces cell differentiation. The expression of Orai1 protein is mainly con-
fined to the basal layer of epidermis. Keratinocytes’ migration, both basal and induced by EGF, was
significantly mediated by Orai1 via triggering Store Operated Calcium Entry and Focal Adhesion
Kinase regulated pathway enhancing focal adhesion turnover thereby promoting polarized cell motil-
ity.
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Free fatty acids and lipid chain length correlate with the impaired skin barrier of atopic eczema
patients
J van Smeden,1 M Janssens,1 R Vreeken,2 A Lavrijsen3 and J Bouwstra1 1 Division of Drug
Delivery Technology, Leiden Academic Centre for Drug Research, Leiden, Netherlands, 2
Division of Analytical Biosciences, Leiden Academic Centre for Drug Research, Leiden,
Netherlands and 3 Department of Dermatology, Leiden University Medical Center, Leiden,
Netherlands
One of the features of atopic eczema (AE) is an impaired skin barrier function. The stratum corneum
(SC) lipids form a highly ordered lipid organization that fulfill a predominant role in this barrier func-
tion and consists of ceramides (CERs), free fatty acids (FFAs) and cholesterol. In the present study,
we report for the first time i) the extracellular FFA composition in both lesional and non-lesional
skin; and ii) how these factors associate with the examined CER composition and the impaired skin
barrier in AE of a previous study1. The study has been performed in 15 Caucasian control subjects
and 28 Caucasian AE patients, of which 11 did show lesional skin sites. The results show a clearly
distinguishable lipid profile between control skin, non-lesional skin, and lesional AE skin. In par-
ticular the FFA chain lengths are clearly reduced in AE SC, and the changes are much more pro-
nounced in lesional skin compared with non-lesional skin. We observed that the changes in the
chain length distribution of FFAs were strongly associated with changes in the CERs. These changes
were strongly correlated with the increased presence of a less dense lipid organization and a reduced
skin barrier function as monitored by trans epidermal water loss. All changes were more pronounced
at lesional skin sites than in non-lesional skin. None of the changes in lipid properties correlated
with filaggrin mutations, but were associated with the levels of natural moisturising factor. Our results
demonstrate the importance of the FFAs and the lipid chain length for a proper lipid organization
and skin barrier function.
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Association of R501X and 2282del4 FLG gene mutations, -137 G/C IL-18 and 1112 C/T IL-
13 polymorphisms with AD course and risk
M Trzeciak,1 J Glen,1 K Rebala,2 M Sikorska,1 T Bandurski3 and R Nowicki1 1 Depratment of
Dermatology, Venereology and Allergology, Medical University of Gdansk, Gdansk, Poland, 2
Department of Forensic Medicine, Medical University of Gdansk, Gdansk, Poland and 3
Department of Radiological Science and Statistics, Medical University of Gdansk, Gdansk,
Poland
Nowadays AD pathogenesis should be consider in the context of two major groups of genes: encod-
ing epidermal proteins and major elements of the immune system. The aim of our study was to esti-
mate FLG R501X and 2282del4 gene mutations and its associations with -137 G/C IL-18 and 1112
C/T IL-13 genes polymorphisms and their influence on AD course and risk. 275 subjects were
included: 152 AD and 123 healthy volunteers. ARMS-PCR method was performed to estimate IL-
18 and IL-13 gene polymorphisms and FLG mutations. FLG mutation were observed in 40,8% of
AD subjects and were 1,9 times frequent comparing to the control. 2282del4 FLG mutation was
predominant one (p=0,04) and coexisted with itch (p=0,023) and allergic rhinitis (p=0,0001). The
presence of R501X or 2282del4 FLG mutation was associated with: elevated IgE levels (p=0,017).
-137 G/C IL-18 and -1112 C/T IL-13 polymorphisms were associated with itch (p= 0,000; p= 0,008),
elevated IgE levels (p=0,0007; p=0,0009) and SCORAD (p=0,02; p=0,01). 2282del4 FLG mutation
enhanced risk of AD (OR=1,74; p=0,057). The presence of any FLG mutation increased AD risk
(OR= 1,88; p=0,01). GG genotype of IL-18 and G- allele enhanced AD risk (OR=5,4; p= 0,00000),
(OR= 5,3; p=0.0000). -1112 C/T IL-13 gene polymorphism was associated with AD risk (0R=2,02;
p=0,012). Coexistence of 2282del4 or R501X FLG gene mutation with GG genotype of -137 IL-18
increased AD risk (OR=5,8; p=0,0000), but with T-allele -1112 position of IL-13 gene had no sta-
tistically significant influence on AD risk (p=0,1). 2282del4 FLG mutation, predominant in Polish
population seems to be useful to value AD risk, similarly to G- allele in -137 position of IL-18 gene.
Coexistence of R501X or 2282del4
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Studying keratinocyte functions in atopic dermatitis, by using outer root sheath keratinocytes
G Mócsai,1 E Lisztes,2 G Nagy,1 T Bíró2 and A Szegedi1 1 Department of Dermatological
Allergology, University of Debrecen, MHSC, Debrecen, Hungary and 2 DE-MTA “Lendület”
Cellular Physiology Research Group, Department of Physiology, University of Debrecen,
MHSC, Debrecen, Hungary
Atopic dermatitis (AD) is a common immune-mediated chronic skin disease. Alterations of the adap-
tive immune system and impaired function of keratinocytes are responsible for the manifestation of
the characteristic skin inflammation. Keratinocytes play a dual role in the development of this dis-
ease since they have important barrier and innate immune functions. To study this dual role the most
relevant methods need skin biopsy materials, which are often difficult to collect from the generally
young patients. To resolve this problem, we aimed to apply a more convenient method. Outer root
sheath (ORS) keratinocyte culturing has the benefits of easy and painless accessibility and the pro-
duction of high amount of keratinocytes. During our study we cultured ORS keratinocytes from 10
healthy controls and 10 AD patients, half of them with filaggrin mutations. After the first passage
we used qPCR as well as immunocytochemistry/western blot to measure the expression of differ-
entiation proteins, AD-related cytokines/chemokines, antimicrobial peptides and Toll-like recep-
tors (TLR). In our results, the generic expression of proliferation and differentiation proteins was sig-
nificantly higher in AD patients (K5, K15, loricrin,). The AD-related cytokines/receptors were also
increased (TSLP, IL-22R). We found significantly decreased expression of TLR4 and DEFB4. Sum-
marizing our experiments, we were able to culture ORS keratinocytes from AD patients, and the
expression data are similar to recent works with skin biopsy samples, therefore it can be a useful
method for keratinocyte-based skin disease experiments.
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Keratin 9 is required for the structural integrity and differentiation of palmoplantar epider-
mis
D Fu,1 C Thomson,2 DP Lunny,3 PJ Dopping-Hepenstal,4 JA McGrath,5 FJ Smith,1 W McLean1 and
DM Leslie Pedrioli1 1 Centre for Dermatology and Genetic Medicine, University of Dundee,
Dundee, United Kingdom, 2 Microscopy Facility, University of Dundee, Dundee, United
Kingdom, 3 Institute of Medical Biology, Singapore, Singapore, 4 St. Thomas’ Hospital,
London, United Kingdom and 5 King’s College London, London, United Kingdom
Knockout mice have proven effective in defining the functional importance of cutaneous proteins.
Keratin 9 (K9) is a type I intermediate filament protein whose expression is confined to the suprabasal
layers of palmoplantar epidermis. Though dominant-negative mutations in K9 are known to cause
epidermolytic palmoplantar keratoderma (EPPK), the functional significance of this site-specific ker-
atin is poorly understood. To gain insight into the function of this protein, we generated K9-defi-
cient (Krt9-/-) mice by gene targeting. Adult Krt9-/- mice developed hyperkeratotic, hyperpigmented
calluses exclusively localized to the weight-bearing footpads, highly reminiscent of palmoplantar
keratoderma in humans. Ultrastructural analysis of lesional epidermis revealed a lack of suprabasal
tonofilament bundles with cytolysis of spinous layer keratinocytes. Histological, immunohisto-
chemical and immunoblot analyses of lesions revealed hyperproliferation, impaired terminal dif-
ferentiation and abnormal expression of keratins K5, K14 and K2. Furthermore, the absence of K9
induced the stress-activated keratins K6 and K16. Importantly, heterozygous mice (Krt9+/-) showed
neither an overt nor histological phenotype, demonstrating that one Krt9 allele is sufficient for main-
taining normal palmoplantar physiology and validating the concept of using mutation-specific siR-
NAs to treat EPPK. Overall, our data demonstrates that the complete ablation of K9 is not tolerable
in vivo and predicts that homozygous or compound heterozygous loss-of-function mutations in the
human K9 gene may cause a recessive form of keratoderma. In conclusion, this keratin is required
for the correct differentiation and mechanical integrity of palmoplantar epidermis.
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The evolutionary origin of loricrin was associated with the transition to fully terrestrial life 
B Strasser,1 V Mlitz,1 M Hermann,2 E Tschachler1 and L Eckhart1 1 Dermatology, Medical
University of Vienna, Vienna, Austria and 2 Medical Biochemistry, Medical University of
Vienna, Vienna, Austria
The epidermal barrier of mammals is largely controled by genes of the epidermal differentiation
complex (EDC). To uncover the evolutionary history of this gene cluster, we compared genome
sequences of multiple mammalian and non-mammalian species. A region homologous to the EDC
was identified in all fully terrestrial tetrapods, i.e. mammals, reptiles and birds, but not in fish and
amphibians. Homologs of the most abundant mammalian EDC protein, i.e. loricrin, were encoded
by one gene in the green anole lizard and three related genes in the chicken. All of them had a
glycine and serine-rich amino acid composition and a carboxy-terminal sequence motif similar to
that of mammalian loricrin. RT-PCRs confirmed the expression of loricrin mRNAs in reptilian and
avian skin. We also generated antibodies against loricrin of the lizard and performed immunohis-
tochemistry. The reptilian loricrin homolog was expressed specifically in the suprabasal epidermis
during the regeneration phase of the skin shedding cycle. Thus, our data identify loricrin as a pri-
mordial keratinocyte cornification protein that originated during the evolutionary water-to-land tran-
sition of tetrapods.
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The irritant effects of pharmaceutical excipients used in topical formulations
Z Kurgyis,1 G Eros,1,2 IB Németh,1 E Csizmazia,3 S Berkó,3 P Szabó-Révész,3 L Kemény1 and
E Csányi3 1 Department of Dermatology and Allergology, University of Szeged, Szeged,
Hungary, 2 Department of Oral Biology and Experimental Dental Research, University of
Szeged, Szeged, Hungary and 3 Department of Pharmaceutical Technology, University of
Szeged, Szeged, Hungary
The need for transdermal delivery of pharmaceutical agents increases nowadays, however the poten-
tial irritant effect of topical formulations is a significant obstacle. Our aim was to investigate the irri-
tant effects of some pharmaceutical excipients used in topical formulations on a murine model. We
applied an anionic detergent: sodium lauryl sulphate (SLS) at two doses, a non-ionic emulsifier: Cre-
mophor RH40, a non-ionic detergent: sucrose laureate and a conservative: methylparaben in closed
patch tests to the dorsal region of SKH-1 male hairless mice for 24 hours. We measured transepi-
dermal water loss (TEWL) before the exposure and 30 minutes after the removal of the patch tests.
Photographs were taken for the evaluation of erythema and then tissue samples were removed for
histopathological evaluation. Our results showed a significant increase in TEWL following the appli-
cation of SLS and sucrose laureate and SLS also caused severe erythema. On histopathological
evaluation a dose-dependent epidermal necrosis, lymphocytic and neutrophil accumulation was
found in tissue samples treated with SLS. The other tissue samples showed no significant impair-
ment in skin structure. In conclusion, SLS led to a dose-dependent, strong irritation, while Cre-
mophor RH40 and methylparaben seem to be non-irritant agents and sucrose laureate may also be
a promising candidate for topical application.
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Hornerin is a new target of calpain-1
C Hsu,1,2,3 M Méchin,1,2,3 A Raymond,3,4 J Henry,1,2,3 O Burlet-Schiltz,3,4 H Takahara,5 A Schmitt,6
G Serre1,2,3 and M Simon1,2,3 1 UMR5165, CNRS, Toulouse, France, 2 U1056, INSERM,
Toulouse, France, 3 University of Toulouse, Toulouse, France, 4 UMR5089, CNRS, Toulouse,
France, 5 University of Ibaraki, Ibaraki, Japan and 6 Pierre-Fabre dermo-cosmétique, Toulouse,
France
Hornerin (HRNR), filaggrin (FLG) and filaggrin-2 (FLG2) belong to the S100-fused type protein fam-
ily. They are synthesized by the granular keratinocytes as long precursors formed by a S100-like N-
terminal domain, a large central repetitive-domain and a C-terminal short region. The precursors
are then progressively proteolysed. Furthermore, HRNR, FLG and FLG2 amounts are detected at
significantly lower levels in lesional and non-lesional skin of AD patients comparatively to con-
trols. Caspase-14, calpain-1 and peptidyl-arginine deiminases (PADs) are involved in FLG metab-
olism but the enzymes necessary for the maturation of HRNR have not been characterized yet. To
decipher HRNR proteolytic metabolism, we tested if the repetitive domain of HRNR was a direct
substrate of caspase-14 and calpain-1. We also analyzed the effect of its deimination by PADs on
the kinetics of proteolysis. Our data demonstrated that the (ABC)4 repeated subunit of HRNR, pro-
duced as a recombinant polypeptide in E. coli, was not a direct substrate of caspase-14; in contrast
a FLG monomer and the B7-B10 repeated-subunits of FLG2 were rapidly cleaved by this protease.
However, the (ABC)4 subunit was cut by calpain-1. One calapain-1 cleavage site, identified by
Edman’s sequencing, was shown to be conserved and frequent in the whole ABC repetitive-domain
of HRNR. MALDI-TOF mass spectrometry and immunoblotting analyses showed that the proteol-
ysis of (ABC)4 by calpain-1 was specific and rapid, and produced numerous short peptides. Finally,
as previously shown for FLG and FLG-2, deimination of (ABC)4 by PAD2 and PAD3 accelerated its
proteolysis by calpain-1. In conclusion, calpain-1 seems to be a major actor of the late epidermal
differentiation through the FLG, FLG-2 and HRNR proteolytic metabolism.
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POF1B protein distribution in normal and pathological skin
P Della Mina,1 A Crespi,2 L Lunardon,3 A Villa,1,4 G Pietrini2 and E Berti4,1 1 Consorzio MIA,
Monza, Italy, 2 Dipartimento di Biotecnologie Mediche e Medicina Traslazionale, Università
degli Studi di Milano, Milan, Italy, 3 Division of Dermatology, Fondazione IRCCS Ca’ Granda,
Milan, Italy and 4 Dipartimento di Scienze della Salute, Università degli Studi di Milano
Bicocca, Milan, Italy
In this study a rabbit polyclonal antibody anti human POF1B, raised against the corresponding fusion
protein, was used to characterize on frozen sections the tissue distribution of the protein in normal
and pathological skin conditions in which there are alterations of epidermal intercellular junctions
(such as psoriasis, ichthyosis, non melanoma skin cancers, pemphigus, pemphigoid, Hailey-Hailey
disease). POF1B is a candidate gene for premature ovarian failure mapping to the Xq21 region. Mat-
tison et al. [Am J Hum Genet, 1984] proposed that POF may be a Mendelian disorder, inherited
paternally or maternally as an autosomal or X-linked dominant manner. Very little is known about
the function of the gene, but its expression before the generation of the epidermal permeability bar-
rier and its localisation to the junctional domain of epithelial tissues have led to the hypothesis that
POF1B plays a role in epithelial polarity. Significant homology to barmotin/7H6, a tight junction
associated protein, and to the myosin heavy chain rod domain have been demonstrated. The defects
were associated with altered ciliogenesis and cystogenesis. In normal skin POF1B molecules are
exclusively localized at granular layers showing both a cytoplasmic and membrane distribution. In
icthyosis the granular layers are increased and POF1B are mainly localized in perinuclear area,
while in hyperproliferative psoriatic epidermis the POF1B staining shows a membrane localization.
Altered expression of POF1B, showing perinuclear intracellular distribution, was clearly demon-
strated in squamous cell carcinomas and in acantholytic areas of cases of pemphigus and Hailey-
Hailey disease. Our data confirme an important role of this molecule for the acquisition and main-
tenance of the polarised phenotype in pluri-stratified normal and pathological epidermis.
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Characterization of the expression of two key epidermal proteins, filaggrin and cor-
neodesmosin, in dog skin
E Videmont,1 M Haftek,3 G Serre,2 M Simon2 and D Pin1 1 VetAgro Sup Campus Vétérinaire de
Lyon, Marcy l’Etoile, France, 2 CNRS-INSERM-University of Toulouse UMR 5165-U1056,
Toulouse, France and 3 University of Lyon, EA4169, Lyon, France
Filaggrin and corneodesmosin are key proteins for the epidermal barrier functions. The pattern of
expression of filaggrin has not yet been characterized and corneodesmosin expression has never
been investigated in dog, whereas spontaneous canine atopic dermatitis is one of the closest natu-
ral models of human atopic dermatitis. We tested thirty different murine monoclonal antibodies spe-
cific to either human filaggrin or corneodesmosin on skin biopsies of ten normal dogs. Immuno-
histochemistry studies showed that some anti-filaggrin antibodies showed granular cytoplasmic
staining of the stratum granulosum (SG) and diffuse staining of the lower stratum corneum (SC). One
anti-corneodesmosin antibody showed cytoplasmic staining in the lower SG and microgranular peri-
cellular staining in the upper SG, absent from the lower SC. Immunoelectron microscopy showed
that the anti-corneodesmosin antibody labeling corresponded to lamellar granules in the SG and to
corneodesmosomes, including those in the SC. Also filaggrin had a similar pattern of expression in
dog and human epidermis: immunogold particles clustered over the keratohyaline granules in the
SG and were diffusely distributed in the intracellular matrix in the lower SC. Immunoblotting of
extracted epidermal proteins showed that the anti-corneodesmosin antibody reacted with several
proteins within the 52 - 33 kDa range, i.e. corneodesmosin (52 kDa) and its proteolytic fragments
of 49, 40, 36.5 and 33.5 kDa. Canine filaggrin is probably a 55 to 60 kDa protein and seems to be
tightly linked to other corneocyte proteins in the dog epidermis. We thus confirmed that filaggrin
and corneodesmosin are the specific targets of chosen monoclonal antibodies in the epidermis of
dogs. These antibodies will be useful tools to investigate the expression of filaggrin and cor-
neodesmosin in different skin diseases of dogs, including atopic dermatitis.
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Filaggrin knockdown does not affect skin barrier properties of a human skin equivalent
V van Drongelen,1,2 MO Danso,1 JA Bouwstra1 and A El Ghalbzouri2 1 Dermatology, LUMC,
Leiden, Netherlands and 2 Drug Delivery Technology, LACDR, Leiden, Netherlands
The human skin barrier is mainly formed by the stratum corneum (SC) which is composed of ter-
minally differentiated keratinocytes that are surrounded by a lipid matrix. The main function of the
skin barrier is to protect against entry of harmful substances and pathogens. Dry skin and defective
skin barrier function are clinical features of the common skin disorders ichtyosis vulgaris (IV) and
atopic dermatitis (AD). Recently, loss-of-function mutations in the filaggrin gene (FLG) have been
shown to be strongly associated with both IV and AD. Filaggrin has many roles in epidermal home-
ostasis but its precise role in the skin barrier properties is yet unknown. In this study we evaluated
the effect of RNA interference mediated filaggrin knockdown on skin barrier properties in a human
skin equivalent (HSE). Filaggrin knockdown (FLG-KD) resulted in 85% reduction of filaggrin RNA
expression and a reduced protein expression in HSEs after 14 days of air-exposed culturing. HSEs
generated with FLG-KD cells showed a lower number of viable cell layers and a 50% reduction in
the proliferation index (p <0,05). No differences in expression of the early (K10) and late (loricrin)
differentiation markers were found. Evaluation of the skin barrier properties did not reveal signifi-
cant differences in lipid organization and composition between the FLG-KD HSEs and their con-
trols. Permeability for butyl para-aminobenzoic acid (butyl-PABA) was not increased after FLG-KD.
In conclusion, epidermal proliferation was reduced after knockdown of filaggrin, but no significant
effects on SC lipid organization and composition were found. Using this skin model we did not
found an effect on SC permeability for butyl-PABA. This indicates that reduced filaggrin expression
alone is not sufficient to affect skin barrier properties and function.
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Fibroblasts contribute to the pathogenesis of atopic dermatitis: Impact of leukemia inhibitory
factor
A Berroth,1 J Kühnl,1 N Kurschat,1 A Schwarz,2 F Stäb,1 T Schwarz,2 H Wenck,1 R Fölster-Holst2
and G Neufang1 1 Research and Development, Beiersdorf AG, Hamburg, Germany and 2
Department of Dermatology and Allergology, Christian-Albrechts University Kiel, Kiel,
Germany
Atopic dermatitis (AD) is one of the most common skin disorders in industrial countries; its preva-
lence has increased in recent decades. The key symptoms of this chronic inflammatory, highly pru-
ritic skin disease include xerosis, erythema, lichenification, pruritic papules and plaques, leading
to a significant impairment in the quality of life. The pathogenesis of atopic dermatitis is multifac-
torial. Epidermal barrier defects, caused by an aberrant differentiation process of keratinocytes, as
well as changes in the immune response patterns contribute to the development of AD, consequently
attributing a crucial role to keratinocytes and immune cells. Due to the tightly regulated cross talk
between fibroblasts and keratinocytes to maintain tissue function and structure, we studied whether
fibroblasts may contribute to the pathogenesis of atopic dermatitis. Using organotypic skin models
comprising keratinocytes from healthy and fibroblasts from atopic peri-lesional skin, we show that
atopic fibroblasts influence the terminal differentiation process of keratinocytes. Additionally, healthy
fibroblasts were able to balance the structural aberrations of the epidermis formed by atopic ker-
atinocytes. Partially, these effects were due to a reduced expression of the differentiation-associated
cytokine leukemia inhibitory factor (LIF) by atopic fibroblasts. These data suggest that fibroblasts and
the modulation of fibroblasts-derived factors may be new therapeutic targets for the alleviation of
atopic dermatitis.
735
Crosstalk of nerve endings and keratinocytes in an innervated skin model: Implications for
atopic dermatitis
D Roggenkamp,1 S Köpnick,1 F Stäb,1 H Wenck,1 M Schmelz2 and G Neufang1 1 Research and
Development, Beiersdorf AG, Hamburg, Germany and 2 Department of Anesthesiology
Mannheim, Heidelberg University, Mannheim, Germany
The pathogenesis of atopic dermatitis, a highly pruritic inflammatory skin disease, is characterized
by epidermal hyperplasia and an increase in cutaneous sensory nerve fibers, suggesting an impact
of the peripheral nervous system on cutaneous homeostasis. However, due to a lack of in vitro
models, the interaction of sensory neurons and skin cells is poorly understood. We introduce the
innervated skin model, allowing the investigation of this neurocutaneous crosstalk in a three-dimen-
sional environment. In this model, neurons induced proliferation of keratinocytes, resulting in an
increase in epidermal thickness, which was reversed by inhibition of calcitonin gene-related pep-
tide (CGRP), but not substance P (SP) signaling. Keratinocyte proliferation and epidermal thickness
in skin models was also increased by human CGRP, demonstrating a key role of this neuropeptide
in modulating epidermal morphogenesis, whereas SP had only moderate effect. Innervated skin
models composed of atopic skin cells showed increased neurite outgrowth, accompanied by ele-
vated CGRP release. As atopic keratinocytes were sensitized to CGRP owing to higher expression
levels of the CGRP receptor components, receptor activity-modifying protein 1 (RAMP1) and recep-
tor component protein (RCP), atopic innervated skin models displayed a thicker epidermis than
healthy control. The results of this study demonstrate the important role of nerve-fiber-skin-cell inter-
actions in the regulation of epidermal homeostasis in healthy and atopic dermatitis skin.
737
Regulation of aquaporin expression and localization in keratinocytes of human skin epider-
mis
EY Vodouhe,1 M Juan,2 E Leblanc,2 S Schnebert,2 M Dumas2 and J Verbavatz3 1 IBITEC-S,
CEA/Saclay, Gif sur Yvette, France, 2 LVMH-Recherche, Saint Jean de Braye, France and 3 EM
Group, MPI-CBG, Dresden, Germany
Aquaporin (AQP) membrane proteins forming water and small solute channels.13 AQPs are expressed
in mammals. Aquaporin-3 (AQP3) and AQP9 expression have been shown in the skin epidermis of
humans and rodents, while AQP10 was seen only in human skin epidermis (1,2). Our aim was to
study the localization and regulation of AQPs in human skin keratinocytes during differentiation.
By RT-PCR, AQP3 and aquaporin-10 (AQP10) mRNA and protein were detected in normal human
keratinocytes (NHK) in culture. After 72h calcium-induced differentiation of NHK (with 1.5 mM
Ca2+), AQP3 expression was preserved but AQP10 was replaced by AQP9. In human skin, by
immunofluorescence with specific anti- AQP3, AQP9 and AQP10 antibodies on human skin sec-
tions, the expression of AQP3 in plasma membranes was confirmed in basal and suprabasal ker-
atinocytes, while AQP10 was found intracellular. AQP9 was found only in the stratum granulosum.
In contrast to skin epidermis, AQP3 in proliferative NHK was localized in the endoplasmic reticu-
lum, but AQP3 was targeted to plasma membranes after calcium-induced differentiation of NHK.
Interestingly, this behavior was recapitulated in MDCK cells transfected with AQP3-GFP. In these
cells, AQP3 trafficking to the plasma-membrane was rapidly reversed by: - lowering extracellular
[Ca2+] from 1.5mM to 0.15 mM - the PLCΒ inhibitor U73343 (2 μM) – the PKC inhibitor Rho320432
(10μM). In summary, in NHK cells, AQP10 is expressed only in proliferative keratinocytes, and AQP9
in terminally differentiated keratinocytes. AQP3 is found in proliferative and differentiated ker-
atinocytes . in MDCK cells, calcium-sensitive PLC-PKC pathway is involved in AQP3 trafficking from
the intracellular compartment to plasma membranes during calcium-induced differentiation of ker-
atinocytes.
736
Loss of integrin α3 impacts cell-matrix adhesion and migration of keratinocytes
C Pazzagli,1 Y He,1 M Boerries,2 H Busche,2 D Kiritsi,1 P Esser,1 Y Gache,3 L Bruckner-Tuderman1
and C Has1 1 Dermatology, University, Freiburg, Germany, 2 ZBSA, University, Freiburg,
Germany and 3 INSERM U998, University, Nice, France
Loss of function mutations in the integrin α3 gene result in a multisystem disorder, with lung dis-
ease, congenital nephrotic syndrome, skin fragility, and lethal outcome. Integrin α3 negative skin
displays discontinuous and irregular distribution of basement membrane components, reduced der-
mal-epidermal adhesion with microblisters and detached single basal keratinocytes, but preserved
cell-cell adhesion and epidermal differentiation. To explain the relatively mild cutaneous pheno-
type, we characterized keratinocytes derived from a patient. cDNA microarray identified genes cod-
ing for proteins involved in cell adhesion to be altered in integrin α3-null keratinocytes. The inte-
grin pattern on the cell surface was changed, with reduced β1, α2 and β4 subunits,although the
respective genes were upregulated on transcriptional level. Cell adhesion and spreading were
compensated by integrin α6, as shown in assays with blocking antibodies. Expression and secre-
tion of the laminins -332 and -511 and collagen VII were increased 2-3 fold, also contributing to
keratinocytes adhesion in the absence of integrin α3, but immunostaining suggested abnormal organ-
ization of these extracellular adhesion proteins. Cell detachment assays showed a small but signif-
icant reduction of stable cell-matrix adhesion in the absence of integrin α3, suggesting that the com-
pensating mechanisms did not completely rescue the cellular phenotype, which correlated well
with the mild skin fragility in patients. In contrast to the clinical observation of relatively slow wound
healing, the most prominent feature displayed by integrin α3 null keratinocytes was the migratory
phenotype, in terms of increased velocity and total track length, and significantly faster healing of
wounds in vitro. This behaviour was preserved if integrin α6 or α2 were blocked, and if cells were
treated with 1.5 mM of calcium, suggesting that it was a directly related α3-dependent mechanism.
734
Role of kindlin-2 in epidermal homeostasis
Y He,1 T Sonnenwald,2 G Schmidt,2 A Fritsch,1 L Bruckner-Tuderman1 and C Has1 1 Dermatology,
University, Freiburg, Germany and 2 Pharmacology, University, Freiburg, Germany
Kindlin-2 (K2) is an focal adhesion adaptor involved in integrin activation. Animal models demon-
strated its role in development, and recent studies support its implication in malignancies. Because
of the embryonic lethality of knock-out mice and lack of human disorders, its contribution to epi-
dermal physiology has remained elusive. To address this we established skin equivalents using ker-
atinocytes treated with K2-specific, or non-targeting shRNA and normal fibroblasts in collagen
gels. K2-deficient epidermis was significantly thinner than control epidermis, with reduced dermal-
epidermal and cell-cell adhesion. The mechanical stability of the epidermis was compromised, as
demonstrated by numerous intraepidemal clefts, and the expression / distribution of proteins of the
dermal-epidermal, and cell-cell junctions was reduced. In contrast, differentiation markers were
strongly expressed in the outermost layer. Co-immunoprecipitation demonstrated K2 in complexes
with plakoglobin and β-catenin. Immunofluorescence staining of calcium-treated K2-deficient ker-
atinocytes showed predominantly cytoplasmic distribution of β-catenin, plakoglobin and desmo-
plakin, in contrast to plasma membrane localization in control cells, suggesting that loss of K2 pre-
vents the incorporation of these molecules in stable complexes at cell-cell junctions. In agreement,
transient and stable knockdown of K2 in keratinocytes led to reduced mechanical stability of cell-
cell adhesion in dispase assays. Pulldowns demonstrated reduced RhoA activation in K2 keratinocytes.
Treatment with the cytotoxic necrotizing factor Y (CNFY) rescued RhoA activation, the distribution
of β-catenin and desmoplakin to the cell membrane, and the formation of adhesion junction zip-
pers. Topical application of CNFY to K2 deficient skin equivalents significantly restored epidermal
integrity. These results suggest that K2 is a critical component of actin anchoring complexes con-
tributing to epidermal homeostasis. Anomalies associated with K2 depletion were counteracted by
activation of RhoA, a regulator of the actin stress fibres.
738
Valrubicin increases mRNA expression levels of sphingosine kinase 1 in keratinocytes and skin
cancer cells
S Andersen,1 K Stenderup,1 E de Darkó,2 T Norman Dam3 and C Rosada1 1 Department of
Dermatology, Aarhus University Hospital, Aarhus, Denmark, 2 Valderm ApS, Lyngby, Denmark
and 3 Department of Dermatology, Roskilde Hospital, Roskilde, Denmark
Valrubicin was previously demonstrated to alleviate psoriasis and reduce tumour formation in ani-
mal models. The effect was partly explained by an inhibition of keratinocyte hyperproliferation, how-
ever valrubicin’s mode of action still need elucidation. Valrubicin is a lipophilic drug that is sug-
gested to interact with lipids of the cellular membrane and with membrane-bound proteins. Indeed,
an interaction with the kinase PKCα, which localises to the membrane when activated, has already
been demonstrated. Similarly, sphingosine kinase 1 (SphK1) localises to the membrane where it con-
verts the ceramide-derived lipid sphingosine into the bioactive sphingosine-1-phosphate (S1P), an
important player in cell proliferation and differentiation. S1P has been shown to act as a differenti-
ation-inducing agent in keratinocytes and to possess proliferation-inducing properties in other cell
lines. In the present study, we hypothesized that valrubicin’s mode of action on hyperproliferative
skin diseases may involve both signalling through and regulation of SphK1. Primary keratinocytes,
HaCaT cells, and two squamous skin cancer cell lines DJM-1 and HSC-1 were cultured and stim-
ulated with or without valrubicin for up to 24 hours. The effect of valrubicin on SphK1 mRNA expres-
sion levels was analysed by qRT-PCR. The results revealed that basal SphK1 mRNA expression lev-
els were significantly higher in primary keratinocytes compared to the three cell lines and that
valrubicin exposure significantly upregulated the SphK1 mRNA expression levels in all investigated
cell types. These results suggest that valrubicin may influence cellular differentiation and prolifera-
tion by increasing SphK1 mRNA expression levels in these cell types.
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Effects of sleep quality on skin aging and function
PA Oyetakin-White,1 B Koo,2 MS Matsui,3 D Yarosh,3 KD Cooper1 and ED Baron1 1 Dermatology,
Case Western Reserve University/University Hospitals of Cleveland, Cleveland, OH, 2
Pulmonary and Sleep Medicine, Case Western Reserve University/University Hospitals of
Cleveland, Cleveland, OH and 3 Estee Lauder Companies Inc, Melville, NY
Sleep is important for growth and renewal of the human body and is tightly controlled by the cir-
cadian system - a central endogenous clock system located in the anterior hypothalamus. Signals
from the central clock are transmitted to self-sustaining peripheral circadian clock systems in other
cells. Constitutive expression of clock proteins has been demonstrated in cultured human ker-
atinocytes, melanocytes and dermal fibroblasts. Although chronic sleep deprivation has been linked
to medical problems such as obesity, diabetes, and cancer its effects on skin function are unknown.
The aim of this study was to determine the effects of sleep quality on skin parameters such as aging
and ability to recover from exogenous stressors. A standard questionnaire was used (PSQI) to deter-
mine sleep quality in Caucasian women between 30 to 50 years old. Skin aging was evaluated using
the SCINEXA scoring for intrinsic and extrinsic photoaging. Barrier function was assessed by tape-
stripping followed by TEWL measurement, neuronal function by response to capsaicin. Poor sleep-
ers (PSQI of > 5 and sleep duration of 5 hours of less) had significantly higher intrinsic aging scores
than good sleepers (PSQI of < 5 and sleep duration of 7-9 hours) (p<.05). Poor sleepers also had
higher TEWL prior to tape stripping and showed a blunted sensory response to capsaicin. The data
suggest that significant differences exist in skin aging and function between individuals who have
healthy sleep patterns versus those who do not.
740
Protection and repair of skin cell damage caused by exposure to extreme temperatures
J Idkowiak-Baldys, S Chen, T Jacob and U Santhanam Avon Products Inc. Global R&D, Suffern,
NY
Skin is the major barrier between a hostile external environment and the organism. Exposure to
excessive stress such as extreme heat and cold can damage skin and compromise its protective func-
tion. It has been shown that exposure of skin to heat or cold has a pronounced effect on the per-
meability barrier homeostasis. Heat shock proteins (HSP) serve as a highly conserved cellular defense
mechanism against heat and other types of stress. They have been previously shown to be induced
by heat and cold treatment of skin cells. There is also a correlation between oxidative stress and for-
mation of heat shock proteins. The goal of this work was to determine the effect of heat and cold
exposure on human epidermal keratinocytes and dermal fibroblasts. Furthermore, we also investi-
gated the ability of novel cosmetic ingredients to protect from and repair heat- and cold-induced
damage. We showed that heat and cold treatments led to significant increase in reactive oxygen
species generation as well as increase in HSP-70 protein in both keratinocytes and fibroblasts. Stress
caused by heat and cold exposure led to profound morphological changes in the cells. Treatment
of cells with cosmetic ingredients prior to or following heat or cold stress led to significant decrease
of heat and cold-induced cellular damage, as measured by decrease in oxidative stress, HSP-70,
and reduced changes in morphology. Taken together, our results demonstrate that different combi-
nation of novel cosmetic actives can be used to protect or repair skin damage caused by exposure
to extreme temperatures.
741
The changes in stratum corneum lipid fluidity and packing induced by basic pH are depend-
ent on exposure time
DJ Moore,1,2 DR Moore4 and G Menon3 1 TRI/Princeton, Princeton, NJ, 2 Rutgers University,
Newark, NJ, 3 California Academy of Sciences, San Francisco, CA and 4 Skidmore College,
Saratoga Springs, NY
Fourier transform infrared (FTIR) spectroscopy studies of isolated stratum corneum (SC) and in vivo
skin have been used to quantitatively assess the presence of orthorhombic and hexagonal lipid
domains, which are essential to the SC’s water permeability barrier function. The current work extends
our earlier studies demonstrating that exposure to basic pH results in irreversible changes in SC lipid
organization. Using previously described FTIR spectroscopy methods the current work followed the
thermotropic changes in porcine and human SC lipid chain fluidity and packing after exposure to
pH 5 and pH 9 solutions for periods of 5 minutes and 30 minutes. The primary objective of this work
was to determine if reversible or irreversible changes in SC lipid organization occur with short expo-
sure times. The current study indicates that a short time exposure (5 minutes) of SC to pH 9 at 40
°C does not result in measurable changes in lipid packing or fluidity compared to SC exposed to
pH 5. This is in marked contrast to the decrease in lipid fluidity observed in SC after 30 minutes at
pH 9 compared to pH 5, findings which are in general agreement with our previous work showing
that a 30 minute soaking at pH 10 irreversibly disrupts SC lipid lamellae, impacting both orthorhom-
bic packing and SC lipid conformational order. These new FTIR studies of SC lipid conformational
order will be presented showing that SC lipid organization is resilient to change following short time
exposures at pH 9 and 40°C, in contrast to 30 minute exposures. Electron micrographs of SC exposed
to physiological and basic pH, will also be presented to illustrate visually the changes in SC lipid
lamellae occurring at longer time exposures.
742
IASPP is a novel autophagy inhibitor in keratinocytes
A Chikh, C Harwood and D Bergamaschi Cutaneous Research, Queen Mary’s University of
London, London, United Kingdom
IASPP, an inhibitory member of the ASPP (apoptosis stimulating protein of p53) family is an evolu-
tionarily conserved p53 inhibitor whose expression is often upregulated in human cancers. We have
recently shown that iASPP is also a crucial regulator of the fine-tuning of epidermal homeostasis.
In particular, cells depleted for iASPP promote and accelerate the differentiation pathway. Here we
report that iASPP acts as an inhibitor of autophagy in addition to its anti-apoptotic role under phys-
iological and stress conditions. Our data show that iASPP depletion protects keratinocytes from
apoptosis by modulating NOXA expression and deregulating the BCl2 family. In our model, iASPP
is crucial for integrity, mass and shape of mitochondria, as well as for the mitochondrial membrane
potential. Keratinocytes depleted for iASPP show marked increased expression of lysosomal and
proteosomal cellular compartments, which are common features of the autophagy process. More-
over, detection of increased endogenous LC3 cleaved protein by several methods confirmed acti-
vation of the autophagy machinery in cells depleted for iASPP. Interestingly, differentiated ker-
atinocytes express a similar pattern of autophagic markers and mitochondrial functionality.
Furthermore, by co-immunoprecipitation analysis we identified a physiological interaction between
iASPP and the complex ATG5-ATG16 which is essential for initiation of the autophagy process. Thus,
we have identified a novel mechanism modulating autophagy in keratinocytes which relies upon
iASPP expression. Finally, treatment of keratinocytes with 3MA (an inhibitor of ATG5 complex)
affects stratification of the epidermis in organotypic 3D culture. Taken together, our data provide a
further mechanism to explain how epithelial integrity is maintained against UV exposure and may
also improve understanding of the etiology of skin diseases characterized by defects in differentia-
tion and DNA damage responses.
743
Sensory nerves express Interleukin-31 receptor A to mediate T helper cell-dependent pruri-
tus and neuroimmune communication in atopic dermatitis
F Cevikbas,1 X Wang,2 T Akiyama,3 T Savinko,4 A Antal,5 C Kempkes,1 M Feld,5 G Kukova,5
T Buhl,1 H Alenius,4 SR Dillon,6 E Carstens,3 B Homey,5 A Basbaum2 and M Steinhoff1 1 Depts.
of Dermatology and Surgery, University of California San Francisco, San Francisco, CA, 2
Dept. of Anatomy, University of California San Francisco, San Francisco, CA, 3 Dept. of
Neurobiology, University of California Davis, Davis, CA, 4 Finnish Institute of Occupational
Health, Helsinki, Finland, 5 Dept. of Dermatology, University Hospital Duesseldorf,
Duesseldorf, Germany and 6 ZymoGenetics, Seattle, WA
Although the TH2 cell-derived cytokine, interleukin-31 (IL-31), has been implicated in inflamma-
tion-induced pruritus, the cellular basis for its pruritic action is unknown. We demonstrate in murine
and human DRG neurons that IL-31 receptor (IL-31RA) is present and restricted to a selective sub-
population of the TRPV1- and TRPA1-expressing sensory neurons. IL-31 is released only by Th2 and
mature dendritic cells, as shown by FACS. Injection of IL-31 evoked intense peripheral and central
itch, but no pain. IL-31 induced pruritus was significantly reduced in TRPV1- and TRPA1-deficient
mice, consistent with a neural circuitry action of IL-31. In cultured primary sensory neurons, IL-31
triggered Ca2+-release and ERK1/2 phosphorylation. Inhibition of ERK1/2 phosphorylation resulted
in a significant decrease of IL-31-induced itch in vivo indicating a new signalling pathway of cytokine-
mediated itch. Thus, TH2 cytokines like IL-31 can directly induce pruritus by neuronal expressed
cytokine receptors linked to TRP ion channels and ERK signalling suggesting cytokine receptors on
nerves as part of neuro-immune communication network in chronic itch and atopic dermatitis.
744
SERCA2 defect in Darier disease causes ER stress leading to impaired trafficking and defec-
tive cell-to-cell adhesion strength
M Savignac,2 M Simon,1 A Edir,1 L Guibbal1 and A Hovnanian1 1 Department of Genetics,
INSERM U781, 3Université Paris V René Descartes, Necker Hospital, Paris, France and 2
INSERM, U1043, Toulouse, France
Darier disease (DD) is a severe dominant genetic skin disorder characterized by loss of cell-to-cell
adhesion and abnormal keratinization. The defective gene, ATP2A2, encodes SERCA2, a Ca2+-
ATPase pump of the endoplasmic reticulum (ER). Here, we show that Darier keratinocytes (DK) dis-
play morphological (perinuclear condensation, fragmentation of intracellular compartments) and
biochemical (phosphorylation of ER stress markers) hallmarks of constitutive ER stress with increased
sensitivity to ER stressors. ER stress is associated with impaired expression of desmosomal cad-
herins (Desmoplakin, Desmoglein3 and Desmocolin3) and immature adherens junctions (AJ) for-
mation (E-cadherin, β-, α-, and p120-catenins) at the plasma membrane. Intercellular adhesion
strength is reduced, demonstrating defective desmosome and AJ function. Dsg3, Dsc3 and E-cad-
herin show perinuclear staining and co-immunostaining with ER markers, indicating ER retention.
Exposure of normal keratinocytes to the SERCA2 inhibitor thapsigargin recapitulates these abnor-
malities, providing evidence that loss of SERCA2 function underlies these defects. This work dis-
closes a central role for ER stress in the pathogenesis of DD, suggesting classifying DD as an ER
stress-related disease involving protein misfolding.
S126 Journal of Investigative Dermatology (2013), Volume 133
IID13_Abstracts-5  3/25/13  3:00 PM  Page S126
Epidermal Structure & Barrier Function | ABSTRACTS
745
Non-invasive method to study pruritus in mice using iontophoresis
C Kempkes, A Ikoma, M Langner, F Cevikbas, R Manlapaz, T Buhl and M Steinhoff Depts. of
Dermatology and Surgery, University of California San Francisco, San Francisco, CA
Pruritus is one of the major symptoms in dermatology world-wide, and its treatment is still a chal-
lenge. Different approaches are used to investigate pruritogen-induced scratching behavior and
acute pruritus in mice. Difficulties for interpretation of sensory sensations such as pain versus itch
derive from the fact that reactions towards pruritic and painful stimuli overlap at different locations
in mice. Also, intradermal injection (i.d) of compounds is an invasive procedure, thus can lead to
misinterpretation of the effectiveness and specificity of a pruritogen and can induce pain-related
behavior. These impairments of the invasive injection procedure can have significant impact on the
development of a future candidate to treat pruritus. Recently, LaMotte et al. established the cheek
model: pruritogens and pain mediators are i.d. injected into the shaved skin of the cheek. Thereby
the investigator has the possibility to distinguish between scratching (itch-related behavior) and
whipping (pain-related behavior) in rodents. Here, we present a further advancement of the LaM-
otte cheek model. We used iontophoresis to apply pruritogens (histamine, 5-HT, SLIGRL) or an
algogen (bradykinin) on the shaved skin of the cheek and monitored side-specific scratching behav-
ior in mice. After defining the polarity of the pruritogens we applied 5-HT, SLIGRL and bradykinin
from the cathode, and histamine from the anode on the shaved skin of the cheek. All tested pruri-
togens induced scratching behavior in mice in a concentration depending fashion. Although i.d.
injection of pruritogens results in a greater scratching response per 30 min as compared to ion-
tophoresis, non-invasive iontophoresis was well reproducible, showed significant scratching responses
as compared to controls, was less invasive, non-painful and highly consistent. Another advantage
of using this approach is that only peripheral nerve fibers become activated and can therefore dis-
tinguish between peripheral and central pathways of acute and chronic pruritus.
747
Infrared imaging spectroscopy of ex vivo skin
DJ Moore1,2 and CR Flach2 1 TRI/Princeton, Princeton, NJ and 2 Rutgers University, Newark,
NJ
In recent years there has been a significant increase in the use of spectroscopic imaging methods
to address many basic questions in dermatology. While applications of these imaging techniques
have often focused on topical drug delivery there is a growing literature describing experiments uti-
lizing confocal Raman and infrared imaging spectroscopy to map the relative concentration and
distribution of endogenous molecules in skin including, for example, water and natural moisturiz-
ing factor (NMF) concentration gradients in stratum corneum. In our laboratories we are working
to further develop infrared spectroscopic imaging experiments that provide direct visualization of
molecular species in the epidermis and dermis of ex vivo skin sections. These infrared micro-spec-
troscopy methods have provided spatially resolved images of molecular structure, organization, and
conformation without the use of chemical dyes or stains. Data will be presented from recent exper-
iments showing that infrared spectroscopic imaging of skin can directly resolve discrete skin layers
and appendages within skin sections, as well as provide images of lipid organization and/or pro-
tein structure within, and between, regions of the skin. The underlying infrared spectra used to gen-
erate these images have been interrogated to provide images of distinct chemical and structural
parameters indicating the spatial distribution of different keratin species in the epidermis, the dis-
tribution of ordered and disordered lipid domains across skin from stratum corneum to dermis, and
the spatial distribution of collagen in the dermis. This presentation will illustrate the nearly infinite
possibilities of infrared imaging spectroscopy for generating unique “molecular histology” images
from ex vivo skin using either healthy or diseased skin.
749
Constitutive autophagy as a terminal differentiation mechanism
O Akinduro,1 K Sully,1 A Chikh,1 RF O’shaughnessy,2 D Bergamaschi,1 CA Harwood,1
MP Philpott1 and C Byrne1 1 Cutaneous Research, Blizard Institute, Barts and the London
School of Medicine and Dentistry, London, United Kingdom and 2 Institute of Child Health,
University College London, London, United Kingdom
Epidermal keratinocytes move from a proliferating basal layer outwards to the granular layer where
they terminally differentiate, forming a layer of flattened, anucleate cells or squames which provide
an essential environmental barrier. Epidermal terminal differentiation involves organelle degrada-
tion and is poorly understood. We show that stress induces a dramatic upregulation of autophagy
markers in all layers of epidermis, showing that all epidermal keratinocytes are capable of classical
autophagy. However, autophagy marker expression is also activated developmentally as the epi-
dermal granular layer forms and is maintained in adult skin. These observations led to the hypoth-
esis that keratinocytes use autophagy to degrade their organelles during terminal differentiation. In
support of this hypothesis we show that activation of terminal differentiation in cultured keratinocytes
is accompanied by degradation of nuclei, via autophagy. Autophagy in terminally differentiated ker-
atinocytes resembles nucleophagy reported in laminopathies (Park et al, 2009, Autophagy 5:795),
which is the degradation of nuclear material through autophagy. Also, modulation of epidermal
autophagy and/or mTOR signalling alters keratinocyte terminal differentiation and epidermal mor-
phology. In conclusion, we show that constitutive autophagy in the epidermal granular layer is a
mechanism for organelle degradation during epidermal terminal differentiation. Therefore, we pre-
dict that epidermal pathologies such as psoriasis which are characterised by parakeratosis, or
nuclei retention in squames, may have autophagy defects as our data suggest.
748
Controversial effect of Matricaria chamomilla aqueous extract associated to an emollient as
treatment for dermatitis induced in a murine model
RJ Ortiz-Bautista,1,3 LL García-González,1 M Ocadiz-González,1 J Flores-Tochihuitl,2 A García-
Villaseñor,1 M González-Hernández,1 L Muñoz-Hernández,3 C Ortiz-Figueroa,1 M Ramírez-
Anaya,1,4 S Reyna-Téllez1 and O Villanueva-Sánchez3 1 Universidad de las Américas Puebla,
Puebla, Mexico, 2 Benemérita Universidad Autónoma del Estado de Puebla, Puebla, Mexico,
3 Instituto Nacional de Ciencias Médicas y Nutrición “Salvador Zubirán”, D.F., Mexico and 4
Hospital General de Puebla, Zona Norte, Puebla, Mexico
The aim of this quasi-experimental study was to evaluate the local effect of Matricaria chamomilla
(mCh) lyophilisate aqueous extract associated to an emollient at 7% as treatment for dermatitis (D)
induced in a murine model. D induction was performed with dinitrochlorobenzene on 11 male, 7-
week old BALB/c mice. Animals were divided into three groups: control (GC), control negative
(GCN) and experimental (GE). All were treated for 4 weeks (wks), except the GC.Liquid petrolatum
(Lp) was applied to the GCN and Lp with lyophilized extract of mCh to the GE. Evaluation criteria
included histopathology, clinical and scratching observations and blood count. Skin biopsies were
taken at 2 and 6 wks and an evaluation of peripheral blood cells to correlate inflammatory cells
was made. Lesions were clinically evaluated at 2, 4 and 6 wks. Scratching was monitored accord-
ing to the observation methodology of Kobayashi et al. Histopathologically the GC improved by
75%, the GCN evolved unfavorably and the GE improved by 50%. Clinical improvement (p=0.005)
in favor of the GC was found. Regarding the scratching, an improvement of 91.2% (p=0.05) and
41.2%(p=0.64) was observed in the GC and GE, respectively; the GCN group worsened (-81%,
p=0.71). There were no significant differences among white cells parameters after 4 wks of treat-
ment. Finally, the lyophilisate aqueous extract of mCh was not effective as a treatment for D induced
in this murine model. The lack of information about effectiveness of aqueous extracts as treatment
for D and the negative results of the present studio highlights the necessity of more experimental
studies to test the efficacy of this empirically used treatment.
746
Atopic dermatitis confers enhanced skin responses to experimentally-induced tandem repeated
irritation in vivo
I Angelova-Fischer,1 AK Hoek,1 I Dapic,3 TW Fischer,1 D Zillikens1 and S Kezic2 1 Department
of Dermatology, University of Lübeck, Lübeck, Germany, 2 Coronel Institute of Occupational
Health, Amsterdam, Netherlands and 3 Faculty of Food Technology and Biotechnology,
Zagreb, Croatia
The skin response to experimentally-induced in vivo tandem repeated irritation in atopic dermati-
tis has not been studied so far. We investigated the barrier function, levels of primary cytokines and
natural moisturising factor (NMF) after repeated single and tandem exposure to surfactants (0.5%
sodium lauryl sulfate; SLS) and organic acids (2.0% acetic acid; AcA) in atopic dermatitis patients
and healthy controls genotyped for the prevalent European filaggrin gene (FLG) loss-of-function
mutations. The irritant response was monitored by visual scoring, measurements of transepidermal
water loss (TEWL) and erythema up to 96 h when tape strips for NMF and cytokine analysis were
collected from the irritant-exposed and non-exposed (control) skin sites. Compared to the control
group, repeated single (AcA/AcA and SLS/SLS) and tandem (AcA/SLS and SLS/AcA) irritation in the
atopic patients resulted in greater visual score and erythema (a*-value). In atopic skin, the TEWL
increase compared to baseline (ΔTEWL) was more pronounced at all exposed fields and assess-
ment time points. Furthermore, ΔTEWL after 96-hour exposure to AcA/SLS, SLS/AcA and SLS/SLS
in the atopic group was significantly higher compared to the controls. In both groups, exposure to
AcA/SLS, SLS/AcA and SLS/SLS, but not to AcA/AcA, resulted in significantly decreased stratum
corneum levels of NMF, IL-1α and IL-1RA when compared to non-exposed skin. Within the atopic
dermatitis group, no significant differences in the barrier function parameters and reduction of
NMF levels between the FLG mutation carriers and non-carriers were found. Our results indicate
that atopic dermatitis confers enhanced responses to cumulative skin barrier damage by multiple
weak irritant stimuli, irrespective of FLG genotype. The reduced NMF levels after tandem irritation
may be further relevant for development of chronic irritant contact dermatitis.
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Assessment of the sensory threshold in patients with atopic dermatitis and psoriasis
A Reich,1 K Chabowski,2 M Krzyzanowska1 and K Muszer1 1 Department of Dermatology,
Venereology and Allergology, Wroclaw Medical University, Wroclaw, Poland and 2 Faculty of
Microsystem Electronics and Photonics,, Wroclaw University of Technology, Wroclaw, Poland
Atopic dermatitis (AD) and psoriasis are frequently accompanied by itching. Pathogenesis of pruri-
tus remains unknown, but altered skin innervation may be involved. The aim of the study was the
assessment of sensory threshold in patients with AD and psoriasis and to compare it with the pru-
ritus intensity. A total of 18 subjects with AD, 20 with psoriasis and 49 healthy volunteers were
exposed to alternating current of variable frequency (ranging from 5 to 2000 Hz) generated by the
current source. Properly selected preset of current frequencies allowed selective stimulation of dif-
ferent nerve endings (A beta, A delta and C-type). Pruritus severity was measured with visual ana-
logue scale (VAS) and Itch questionnaire developed in house. All results were analyzed statistically.
The sensory threshold within the uninvolved skin of patients with AD or psoriasis was significantly
higher than in healthy volunteers (p<0.001), however, no significant differences were found between
subjects with AD and psoriasis (p>0.05). Similarly, the sensory threshold within the diseased skin
of AD or psoriasis was significantly higher than in normal skin (p<0.01), but, in contrast to unin-
volved skin, patients with psoriasis had also significantly higher threshold than individuals with AD
(p<0.05). In both groups of patients the value of sensory threshold negatively correlated with pru-
ritus severity and the most significant relationships were found for frequency of 5 Hz (VAS: R=-
0.32, p<0.05; questionnaire: R=0.54, p<0.001). Our results confirmed previous suggestions, that
the most relevant population of nerve fibers conducting pruritic stimuli are unmyelinated C-fibers,
that are selectively activated by the 5 Hz alternating current. Determination of the sensory thresh-
old may be a valuable and objective examination during the assessment of pruritic dermatoses.
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TRP channels govern the balance of keratinocyte proliferation and differentiation in vitro
and in the context of skin disease
EA Lumpkin,1 AM Nelson,1,3 SR Wilson,2 DM Owens1 and DM Bautista2 1 Columbia University,
New York, NY, 2 UC Berkeley, Berkeley, CA and 3 Baylor College of Medicine, Houston, TX
Transient receptor potential (TRP) channels regulate cellular calcium levels in response to diverse
environmental stimuli and cell-cell signaling pathways. Several TRP channels are found in epider-
mal keratinocytes and cutaneous sensory neurons. For example, recent studies indicate that TRPA1,
a receptor for chemical irritants, is expressed in keratinocytes and the nociceptive neurons that ini-
tiate sensory responses during tissue damage. Importantly, TRPA1 is required for histamine-inde-
pendent itch, which is mediated by both cutaneous sensory nerves and local keratinocytes. Here,
we tested the hypothesis that TRPA1 governs epidermal homeostasis in the context of chronic itch.
First, we asked whether TRPA1 directly alters human keratinocyte behavior. We treated normal
human epidermal keratinocytes in vitro with mustard oil, a TRPA1 agonist. After 24 h, mustard oil
promoted keratinocyte proliferation by 30-40% percent (P<0.01). This effect was attenuated by
HC-030031, a selective TRPA1 antagonist. These results indicate that 1) proliferation is governed
by TRPA1 activation in human keratinocytes and 2) keratinocytes and cutaneous sensory neurons
respond to the same TRPA1 agonists. Next, we asked whether TRPA1 is required in vivo for epi-
dermal hyperplasia accompanying chronic itch. We used an acetone, ether and water (AEW) dry-
skin protocol to induce chronic itch in mice. After 5 d of treatment, AEW-induced epidermal thick-
ening was 178% higher in wildtype than in TRPA1 knockout mice (P=0.01). These findings argue
that TRPA1 modulates the rapid epidermal hyperplastic response observed in chronic itch. Addi-
tional studies are needed to determine whether TRPA1 acts upstream or downstream of scratch-
induced wounding. Together, our studies of animal models and normal human keratinocytes under-
score the role of calcium-permeable TRP channels in keratinocyte behavior under normal and
pathophysiological conditions.
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Neonatal and infant skin surface area expansion and correlation with the developing skin bar-
rier and structure
M Mack Correa, P Khanna and RM Walters Johnson & Johnson Consumer Products Company,
Skillman, NJ
Infant skin is different structurally from adult skin, and these structural differences contribute to
observed differences in functional and mechanical properties between infant and adult skin. Skin
thickness increases with age from infants to adults, and correspondingly, the transepidermal water
loss (TEWL) of infant skin has been shown to decrease with age over the first years of life. The
objective of this study was to determine if the rapid body surface area expansion that occurs dur-
ing the same period relates to the concomitant changes in the skin water barrier function. Caucasian
and African American subjects aged 3 months old to 4 years old were recruited to participate in a
clinical study involving non-invasive measurements of the skin. A subset of mothers was also recruited
to participate. The study took place in July-August 2010 in Skillman NJ. TEWL and stratum corneum
/ epidermal thickness (reflectance confocal microscopy) were measured on the upper inner arm and
dorsal forearm. Human skin surface area was calculated according to the Ahn method using weight
to estimate skin surface area. Average weight data nationwide was used to estimate average surface
area as a function of age. TEWL was elevated in the infant subjects as compared to the adult sub-
jects, and tended to decrease with infant age. The calculated rate of skin surface area expansion also
decreased as a function of age. The decrease in TEWL lags in time compared to the decrease in the
rate of skin surface area expansion. This time lag would be consistent with the need for surface area
expansion having an effect on the skin structure, SC thickness, and the skin property, TEWL. The
need for surface area expansion as the child is growing rapidly may represent a necessary trade-off
with the barrier properties of infant skin.
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Protein kinase D1 negatively regulates epidermal keratinocyte differentiation
V Choudhary,1,2 L Olala,1,2 I Kaddour-Djebbar1,2 and WB Bollag1,2 1 Charlie Norwood VA
Medical Center, Augusta, GA and 2 Georgia Health Sciences University, Augusta, GA
Protein kinase D (PKD or PKD1) is a serine/threonine kinase that plays a vital role in various bio-
logical processes. Despite the importance of PKD1 in such processes, the role of PKD1 in skin has
not been well studied. We hypothesize that PKD1 exerts anti-differentiative, pro-proliferative effects
on epidermal keratinocytes such that its loss will result in reduced proliferation and enhanced dif-
ferentiation. Here, we have utilized a floxed PKD1 mouse model such that infecting keratinocytes
with an adenovirus expressing Cre-recombinase allows us to determine the effect of PKD1 gene loss
in vitro. Significant knockdown of PKD1 expression was achieved in adenoviral Cre recombinase-
infected cells. This PKD1 knockdown resulted in a significant increase in the mRNA and protein
expression of involucrin (an intermediate differentiation marker). Upon induction of differentiation
by increased extracellular calcium levels, the PKD1 knockdown keratinocytes showed significantly
increased mRNA and protein expression of loricrin (a late differentiation marker) and a decrease in
cyclin D1 (a proliferation marker) expression. Furthermore, with calcium-induced differentiation,
PKD1 down-regulation resulted in a significant increase in desmoglein 1α expression, suggesting
a possible role of PKD1 in keratinocyte adhesion. PKD1 knockdown also resulted in a significant
increase in mRNA and protein expression of the aquaglyceroporin, aquaporin3 (AQP3), suggesting
a novel role of PKD1 in glycerol uptake. The previously demonstrated functional association between
phospholipase D2 and AQP3 suggests a possible involvement in lipid signaling as well. In summary,
our results show that PKD1 is an anti-differentiative, pro-proliferative signaling enzyme in mouse
keratinocytes, regulating the expression of proteins involved in differentiation (involucrin, loricrin
and keratin10), proliferation (cyclin D1), cell-cell adhesion (desmoglein 1α) and glycerol uptake
and lipid signaling (AQP3).
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Effects of Aspergillus oryzae-challenged germinated soybean extract on skin changes induced
by ovariectomy in hairless mice
H Shin, J Lee, H Jeong, D Seo and S Lee Amorepacific R&D Unit, Yongin-si, Gyeonggi-do,
Republic of Korea
After the menopause, various age-related phenomena such as wrinkling, sagging and other prob-
lems develop in the skin of females. Many studies have shown that phytoestrogen-containing soy
supplements have beneficial effects on skin in postmenopausal women. In this study, we have
made a new types of soybeans that germinated in the presence of the food-grade fungus Aspergillus
oryzae and investigated the effects of the extracts on skin aging. We examined the histology of the
skin, skin thickness and the elasticity in ovariectomized(OVX) hairless mice after treatment for 14
weeks with a Aspergillus oryzae-challenged germinated soybean(AOGS) extract. Controls were sham
OVX mice. In OVX hairless mice the thickness and keratinization of the epidermis were reduced
as well as skin elasticity. Whereas the skin of the OVX mice dieted with AOGS extract (500mg/kg/day
for 14 weeks) appeared well organized with a normal epidermis with uniform thickness. The skin
elasticity was well recovered whereas did not affect the serum estradiol concentration. The amount
of collagen was increased in the treated group in comparison with the control group. AOGS extract
had a coumestrol as one of the functional components. We examined that the coumestrol increased
procollagen level and decreased MMP-1 expression in LPS-treated human dermal fibroblast cells.
Systemic treatment with AOGS extract shows comparable efficacy to oestrogen in reversing some
histological and functional changes of the skin associated with ovariectomy in hairless mice. This
suggests that AOGS might be an effective alternative therapy for the management of age-related skin
changes in postmenopausal women.
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Multifunctional molecules and the biomechanical function of human stratum corneum
K Biniek and RH Dauskardt Stanford University, Stanford, CA
A wide range of multifunctional molecules are ubiquitously used with biological tissue such as skin
to affect the mechanical function. An ideal treatment would utilize these molecules that integrate
with the outermost layer of skin, the stratum corneum (SC), and respond to physical environmental
stimuli to preserve healthy tissue function. They additionally must be biocompatible, biodegrad-
able, and have multiple functional groups to interface with the protein and lipid components of the
tissue. For example, inorganic UV-blocking micron- and nano-sized zinc oxide (ZnO) and titanium
dioxide (TiO2) particles are commonly applied to the SC, and the resulting inorganic-biological
construct is highly effective in preventing damage and disease from solar UV radiation. Surpris-
ingly, however, it remains unclear precisely how these treatments interface with the biological
components, and the relationship between the mechanical behavior of human SC, environmental
stimuli, and damage alleviating molecules has not been established. We show how water loss deter-
mines SC drying stresses. We investigate the ability of a range of multifunctional molecules to pro-
tect the water balance in the SC and characterize how drying stresses develop as a function of time
and UV exposure, and how they change following the application of classes of multifunctional
humectant, occlusive and emollient molecules. In the presence of tissue components, these mole-
cules perform complimentary functions by either forming a barrier to water loss or diffusing into
the tissue to interact with SC protein and lipid components. All combinations showed a character-
istic peak in stress 1 – 5 hrs after the start of drying followed by a rapid decrease and plateau at a
stress of around 0 – 1 MPa. To understand the characteristic shape of the drying stress behavior, water
loss kinetics of samples with the treatments applied was examined using Raman spectroscopy. The
research demonstrates an ideal example of integration of multi-component molecules with biolog-
ical tissue where the interaction of the molecules with the tissue critically affects properties.
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βKlotho is downregulated in the skin of individuals with atopic dermatitis
Z Pramono, X Mo and M Tang National Skin Centre, Singapore, Singapore
βKlotho is a member of the Klotho protein family and has been suggested to play role in the molec-
ular mechanisms by which the FGF19 subfamily regulates bile acid synthesis, glucose metabolism,
as well as phosphate/vitamin D metabolism. We perform a study to elucidate the expression of
βKlotho in human skin and its potential role in the development of atopic dermatitis. Using microar-
ray, qPCR and immunohistology we analyse βKlotho expression in fresh skin biopsy and keratinocytes
from lesional and non lesional skin of AD patients, as well as healthy controls. Analyses on seven
atopic dermatitis patients and four healthy controls showed modest expression of βKlotho in the
skin of healthy individuals but low/undetectable βKlotho expression in both lesional and non-lesional
skin of individuals with atopic dermatitis. Immunohistology localized the expression of βKlotho in
the upper layer of epidermis, but not in the basal cells. Study on keratinocytes suggested βKlotho’s
role in the differentiating epidermal cells. The data obtained from this study provide evidence of
KLB’s possible involvement in the development of atopic dermatitis.
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